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INTRODUCTION

1. PURPOSE.

This manual establishes USAF policy for the maintenance
of aircraft fuel tanks and cells. Included in this manual are
general requirements for preparation of an aircraft for fuel
systems and component maintenance and inspection. The
requirements of this manual are applicable to all aircraft in
the AF inventory. Procedures requiring special equipment,
facilities or extraordinary safety precautions are not
included in this manual.

2. ABBREVIATIONS.

Abbreviations used in this manual conform to
AMSEY 14.38M. Abbreviations appearing most frequently
in this manual are as follows:

ALC Air Logistics Centers

CCU Climatic Control Units

ETL Engineering Technical Letter

IPI in-process inspection

LEL Combustible Vapor Lower Explosive Limit

LRA local reproduction

MSDS Material Safety Data Sheet

NFPA National Fire Protection Association

OSHA Occupational Safety and Health Adminis-
tration

OHWG Occupational Health Working Group

ODS Ozone Depleting Substances

OELs occupational exposures limits

PDM programmed depot maintenance

RAC Risk Assessment Code

3. GENERAL.

The manual is divided in the following chapters: Introduc-
tion; Safety Summary; Duties, Qualifications and Training;
Safety, Health, and Environmental Requirements; Aircraft
Fuel Systems Maintenance Facilities and Areas; Fuel Leak
Evaluation, Classification, Document and Temporary
Repairs; Preparation for Maintenance; Integral Tanks; Fuel
Cells; Equipment and Materials; Depot Maintenance, and
Glossary.

3.1 The Introduction provides authority for publication of
the manual and summarizes each chapter.

3.2 The Safety Summary details the significance and use
of WARNING, CAUTION and NOTES.

3.3 Chapter 1 summarizes the duties, qualifications and
training for personnel and organizations involved in fuel
systems repair, and provides for resolution when the
requirements of this manual conflict with other Air Force
documents.

3.4 Chapter 2 provides safety, health, and environmental
requirements necessary to perform fuel systems repair.

3.5 Chapter 3 provides a brief description of the areas and
facilities required for fuel systems maintenance. This
includes Category I, II, and III facilities, and open areas.

3.6 Chapter 4 provides information for categorizing fuel
leaks, documenting leaks in the aircraft records, and apply-
ing temporary repairs to aircraft fuel leaks.

3.7 Chapter 5 provides instructions preparing an aircraft
for maintenance. Included are procedures for fluid purge,
air purge, inerting, ventilating open tanks, draining, and
depuddling aircraft. Removal inspection and replacement
of fuel foam is included in this chapter.

3.8 Chapter 6 describes the various techniques for inspect-
ing and repairing integral tanks. Procedures common to all
levels of maintenance or not requiring special facilities or
extraordinary safety precautions are detailed. Procedures
requiring special equipment, facilities or extraordinary
safety precautions are not included in this manual.

3.9 Chapter 7 describes the various techniques for inspect-
ing and repairing fuel cells.

3.10 Chapter 8 lists the equipment and material necessary
to perform the inspection and repair procedures described
in this manual.

3.11 Chapter
maintenance.

9 provides information for depot

3.12 Glossary contains definitions of both common words
and words/phrases peculiar to fuel systems repair.

vii/(viii blank)
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SAFETY SUMMARY

1. GENERAL SAFETY INSTRUCTION.

This manual describes physical and chemical processes
which may cause injury or death to personnel, or damage to
equipment if not properly followed. This safety summary
includes general safety precautions and instructions that
must be understood and applied during operation and
maintenance to ensure personnel safety and protection of
equipment. Prior to performing any task, the WARNINGs,
CAUTIONs and NOTEs included in that task shall be
reviewed and understood.

2. WARNINGS, CAUTIONS AND NOTES.

WARNINGs and CAUTIONSs are used in this manual to
highlight operating or maintenance procedures, practices,
conditions or statements which are considered essential to
protection of personnel (WARNING) or equipment (CAU-
TION). WARNINGs and CAUTIONs immediately precede
the step or procedure to which they apply. WARNINGs and
CAUTIONSs consist of four parts: heading (WARNING,
CAUTION or Icon [see HAZARDOUS MATERIALS
WARNINGS]), a statement of the hazard, minimum pre-
cautions, and possible result if disregarded. NOTEs are
used in this manual to highlight operating or maintenance
procedures, practices, conditions or statements which are
not essential to protection of personnel or equipment.

NOTEs may precede or follow the step or procedure,
depending upon the information to be highlighted. The
headings used and their definitions are as follows:

WARNING

Highlights an essential operating or mainte-
nance procedure, practice, condition, statement,
etc., which if not strictly observed, could result
in injury to, or death of, personnel or long term
health hazards.

CAUTION

Highlights an essential operating or mainte-
nance procedure, practice, condition, statement,
etc., which if not strictly observed, could result
in damage to, or destruction of, equipment or
loss of mission effectiveness.

NOTE

Highlights an essential operating or mainte-
nance procedure, condition, or statement.

ix/(x blank)
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CHAPTER 1
DUTIES, QUALIFICATIONS AND TRAINING

1.1  REPAIR RESPONSIBILITY.

Field level maintenance organizations shall be responsible
for accomplishing normal fuel tank maintenance and repair.
If specialized personnel and/or equipment and facilities are
required but are not available at the organizational level,
assistance shall be requested from the appropriate area
support ALC in accordance with TO 00-25-107, MAJCOM
functional managers, the Weapon System Manager and the
OPR for this technical order.

1.2 AUTHORITY.

The provisions of this manual are directive in nature and
are applicable to all military and civilian personnel directly
or indirectly concerned with fuel systems maintenance In
addition to the requirements of this manual, civilian con-
tractors are responsible for meeting the requirements of the
applicable National Fire Protection Association (NFPA)
and Occupational Safety and Health Administration
(OSHA), in addition to other laws (federal, state, and
local). AFOSH 91-100 provides authority for this manual
to contain safety and health requirements for: fuel cell/tank
maintenance, fuel system maintenance, fuel system repair
facilities, and related areas.

1.2.1 The word SHALL means that the requirement is
mandatory.

1.2.2 The word WILL is used to express declaration of
purpose.

1.2.3 The word SHOULD is used to express a non-
mandantory desire or preferred method of accomplishment.

1.2.4 The word MAY is used to express an acceptable
means of accomplishment.

1.3 CONFLICT.
Every attempt is made to keep this manual current with all

safety, health and environmental directives. When this
manual is in conflict with an AFOSH, OSHA or other

federal directive an AFTO 22 shall be submitted in accor-
dance with TO 00-5-1. When the requirements of this
manual are in conflict with state or local directives resolu-
tion shall be sought through that agency with assistance
from the MAJCOM functional manager for fuel systems.
When this manual conflicts with other general series or
policy and procedures technical orders the requirements of
this manual should take precedence. When this manual
conflicts weapon system or commodity technical orders the
requirements of the weapon system or commodity technical
order take precedence for all non-safety, non-health, and
non-facility related issues.

1.3.1 The general safety and health and maintenance pro-
cedures of this manual can be applied to removable metal
tanks, Benson, ferry and external removable/jettisonable
tanks. Specific procedures for these types of tanks are
generally included in the commodity TO for the tank.
Repair of oil, water, and alcohol integral tanks and cells can
be performed using the requirements and procedures of this
manual.

1.4 PERSONNEL.

Information concerning the responsibilities, qualifications
and training requirements of this manual are summarized in
the following paragraphs. This is provided for informa-
tional purposed only; for complete requirements refer to the
text of this technical order.

1.4.1 As the Air Force reorganizes various individual’s
functions change as do their duty titles. The most common
or accepted position titles are provided for military and
civil service members of the Department of the Air Force.
Contractors performing work to the requirements of this
manual are expected to meet the same requirements of their
Department of the Air Force counterparts. Table 1-1 is
provided as guidance to determining Civil Service
equivalents at Air Logistics Centers to military positions:

1-1
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Table 1-1.

Position Equivalents

Military

Civil Service

Logistics Group Commander

(MXG/CC,LG/CC), Deputy Commander

Maintenance (DCM), Maintenance Group Commander
MG/CC)

AFSC 2A6X4
AFSC 454X3

Production Division Chief for each Directorate

WG-4361-XX or
WG-8801-XX or
WG-8852-XX

or

WG-8268-XX or
Other WG Series
as designated by
local management

Fuel Section Chief

First Level Fuel Shop

Fuel Shop Chief

Supervisor

1.4.2 The responsibilities, qualifications and training
requirements for all personnel directly or indirectly respon-
sible for fuel systems maintenance are as follows: This is
provided for informational purposed only; for complete
requirements refer to the text of this technical order.

1421 LG/CC -
Chief.

MXG/CC - Production Division

1.4.2.1.1 Responsibilities.

a. Shall appoint an Entry Authority (usually Fuels
Section Chief).

b. Shall be responsible for all fuel tank/cell entries.
c. Shall sign the Master Entry Permit.

d. Shall designate open fuel system repair areas as
necessary.

e. Shall ensure technical orders and/or operating
instructions (as applicable) for equipment used in
fuel system repair areas and facilities are available
and followed.

f. Shall ensure all safety, health, and environmental
regulations are complied with.

g. Should coordinate on material and equipment
substitutions.

h. May, when authorized substitute non-2A6X4 per-
sonnel for attendant.

i. May, when authorized coordinate on wavier of
certain safety and health requirements.

1.4.2.2 Entry Authority/Alternate Entry Authority. In

the absence of or when otherwise authorized by the Entry
Authority the Alternate Entry Authority will perform the
duties of the Entry Authority.

1.4.2.2.1 Responsibilities.

a. Shall complete and sign each Entry Permit.
b. Shall designate an Alternate Entry Authority.
c. Shall designate a fuel tank entry chief.

d. Shall ensure entries are conducted using safety
practices and procedures of this manual.

e. Shall ensure entrants are qualified.
f. Shall ensure attendants are qualified and available.

g. Shall ensure the equipment monitor/runner is
trained and available when required.

h. Shall assist in developing severe weather shut-
down plan.

i. Shall provide guidance on PPE for all entries.
j- Shall assist in developing rescue plan.
k. Shall never permit entry into an IDLH atmosphere.

I. Shall establish a system for controlling tank
entries.

m. Shall only issue entry permits when conditions of
Master Entry Permit are met. Will amend or reissue
entry permit as necessary.



n. Will help develop training plans for fuel tank
entries.

0. May authorize attendant to monitor multiple tanks.

p- May eliminate equipment monitor/runner in
selected circumstances.

1.4.2.3 Entrant (2A6X4 or civilian equivalent).

1.4.2.3.1 Responsibilities.

a. Shall be responsible for complying with entry
permit.

b. Shall obey instructions from attendant.

1.4.2.4 Entrant (non-2A6X4 or civilian equivalent).

1.4.2.4.1 Responsibilities.

a. Shall be responsible for complying with entry
permit.

b. Shall obey instructions from attendant.

1.4.2.5 Attendant.

1.4.2.5.1 Responsibilities.

a. Shall have overall responsibility for monitoring the
entry area.

b. Shall alert equipment monitor/runner prior to initi-
ating rescue.

T.O0. 1-1-3

c. Shall limit entry to those authorized.

d. Shall order evacuation of tank as necessary.

e. May, when authorized, monitor multiple tanks.
f. May be part of rescue team.

1.4.2.6 Equipment Monitor/Runner.

1.4.2.6.1 Responsibilities.
a. Shall summon rescue team when required.
b. Shall monitor equipment.
c. Shall remain in immediate area.
d. Shall initiate rescue procedures when required.
e. May perform duties of attendant during rescue.
f. May monitor multiple tanks or aircraft.
g. May be part of rescue team.
h. May enter tank if qualified.

1.4.2.7 Rescue Team - Extraction Team..

1.4.2.7.1 Responsibilities.
a. Extract entrant from tank.

b. Administer buddy care.
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Table 1-2. Summary of Qualifications and Training for confined Space Entry Personnel

E E E A E
N N N T Q
T T T T U
R R R E I
Y A A N P
* N N D M
A T T A E
U * * N N
T 2 N T T
H A 0 *
o) 6 N M
R X 2 0
I 4 A N
T 6 I
Y X T
4 0
R
CPR X X X
MEDICAL X X X X
RESPIRATOR (Qualified) X X X
TESTING CONFINED SPACES (Atmosphere) | X X X
SELF AID/BUDDY CARE X X
HAZARD COMMUNICATION X X X
TANK FAMILIARZATION X X X X
SELF RESCUE X X X
CONFINED SPACE HAZARDS X X X X X
RESCUE PLAN X X X X X
USE OF SHOP EQUIPMENT X X X
USE OF RESPIRATORS X X X X
USE OF OTHER PPE X X X
USE OF COMMUNICATIONS EQUIPMENT | X X X
R ECOGNIZING EXPOSURE TO CHEMI- X X X X
CALS, SOLVENTS, AND FUELS

NOTE

This table applies to field maintenance only. At
Depot level the Fire Department will be the
Emergency Response Team. All personnel on
the rescue team shall be qualified and capable
of safe entry and egress from the fuel tank/cell.
This will allow and ensure safe extraction in

case of an emergency.

1.4.2.8 Fuels Section Chief - First Level Supervisor.

1.4.2.8.1 Responsibilities.
a. Shall assist in developing rescue plan.
b. Shall implement severe weather shut-down plan.

c. Shall ensure safety, health, and environmental
directives are complied with.



d. Will usually be the entry authority.

e. Shall coordinate all fuel tank/cell entries at field
level.

1.4.2.9 Quality Assurance. Quality control personnel

who will perform evaluations shall have either completed a
fuel system repair school or have received training from the
Fuel Element Shop Chief. The local training shall cover
safety equipment, grounding, bonding, purging procedures,
and depuddling operations. Training or recertification shall
be conducted annually.

1.4.2.9.1 Responsibilities. Provides task evaluation
and ensures compliance with T.O. 1-1-3.

1.4.2.10 Ground Safety Office.

1.4.2.10.1 Responsibilities.

a. Should provide training on subject matter for
which they have expertise.

b. Shall assist in developing rescue plan.
c. Shall coordinate on Master Entry Permit.
d. Coordinate on equipment substitutions.

e. Shall coordinate on approval of open fuel system
repair areas.

f. Shall coordinate on approval of temporary fuel
system repair areas.

1.4.2.11 Bioenvironmental Engineering Flight (BEF)
Office.

1.4.2.11.1 Responsibilities.

a. Should provide training on subject matter for
which they have expertise.

b. Shall coordinate on Master Entry Permit.

c. Should conduct periodic sampling to measure
toxins.

d. Shall provide guidance on PPE used for entries.

1.4.2.12 Environmental Management Office.

1.4.2.12.1 Responsibilities. Should provide training on
subject matter for which they have expertise.

1.4.2.13 Fire Department.

1.4.2.13.1 Responsibilities.

a. Should provide training on subject matter for
which they have expertise.
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NOTE

These topics include but are not limited to: use
and positioning of fire extinguishers, theory of
combustion and NFPA codes. The fire depart-
ment’s capabilities should be an integral part of
the rescue plan but not be listed as the initial
response agency for emergencies. Except at
Depot where the Fire Department will be the
initial Response Agency for emergencies.

b. Shall coordinate on Master Entry Permit
c. Should assist in developing rescue plan.

d. Shall coordinate on approval of open fuel system
repair and temporary areas.

1.4.2.14 Base Medical Officer.

1.4.2.14.1 Responsibilities.
a. Should assist in developing rescue plan.

b. Shall perform medical examinations in accordance
with AFOSH standards.

c. Should provide training on subject matter for
which they have expertise.

1.4.2.15 System Program Manager -
Program Office.

System

1.4.2.15.1 Responsibilities.
a. Shall keep Technical Orders current.

b. Shall provide assistance to field and depot level
maintenance activities.

c. May approve the use of alternate equipment.
d. May approve the use of alternate materials.

e. Should coordinate equipment and material substitu-
tion with the MAJCOM functional manager and
OPR for T.O. 1-1-3.

1.4.2.16 Base Weather Officer.

1.4.2.16.1 Responsibilities. Shall assist in developing
severe weather shutdown plan.

1.4.2.17 Major Command Functional Manager.

1.4.2.17.1 Responsibilities.

a. Should provide assistance to field and depot level
maintenance activities.

b. May approve the use of alternate equipment.
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c. May approve the use of alternate materials.

d. Should coordinate equipment and material substitu-
tion with the SPM and OPR for T.O. 1-1-3.

1.4.2.18 Office of Primary Responsibility for T.O.

1-1-3.
1.4.2.18.1 Responsibilities.

a. Shall keep this technical order current with applica-
ble safety and health directives.

Should provide assistance to field, depot and con-
tractor maintenance activities.

Say approve the use of alternate equipment.
Say approve the use of alternate materials.

Should coordinate equipment and material substitu-
tion with the MAJCOM functional manager and
SPMs.
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CHAPTER 2
SAFETY, HEALTH, AND ENVIRONMENTAL REQUIREMENTS

2.1 PURPOSE.

This chapter contains the safety, health, and environmental
requirements necessary to conduct fuel systems mainte-
nance with special emphasis on the requirements for tank
and cell maintenance. This chapter covers personnel, facili-
ties, equipment, and aircraft.

2.2 GENERAL.

2.2.1 The provisions of this chapter are minimum require-
ments for average conditions. These provisions apply to
fuel systems repair personnel and non-fuel systems repair
personnel (for example: electricians, safety, and supervi-
sory personnel). The requirements of this chapter assume a
single aircraft is in the facility. For guidance on working
more than one aircraft contact the appropriate base agen-
cies, e.g. MXG, LG/CC, fire department, and ground
safety.

2.2.2 Certain hazards are present during fuel systems
maintenance. The presence of hazards is normal and if
precautionary measures are taken there will be no increased
risk associated with the maintenance operations. Coopera-
tion is required from all personnel to cope with conditions
presented. Deviations shall not be permitted from safety
practices which increase the risk to the worker, aircraft or
facility. Supervisory personnel shall make sure all equip-
ment is maintained in good working order and that person-
nel adhere to the requirements of this chapter.

2.2.3 Training Requirements.

2.2.3.1 Mishaps do not happen. Mishaps are caused by
deviation from accepted practice, thus, mishaps are pre-
ventable. Proper safety instruction and training are essential
to an accident free work environment.

2.2.3.2 All personnel (fuel and non-fuel) engaged in
activities outlined in this manual shall be fully trained in
the following (in addition to the training required for
specific duties, e.g., attendant, emergency response team):

a. Hazardous characteristics of the materials being
used.

b. Hazard communications.
c. Use and limitations of the equipment being used.
d. Fuel system/tank familiarization.

e. Use of personal protective equipment.

f. How to protect personnel, aircraft, equipment and
the environment from hazards encountered.

2.2.3.3 Training and certification are required prior to
permitting an employee to enter a tank/cell. Training and
recertification shall be accomplished annually and in accor-
dance with MAJCOM directives.

2.2.3.4 Associated maintenance shops shall have a suffi-
cient core of trained personnel (that are confined space
entry qualified) to meet work requirements with minimal
delay.

2.2.3.5 Quality Assurance personnel who will perform
evaluations shall have either completed a fuel system repair
school or have received training from the Fuel Element
Shop Chief. The local training shall cover safety, equip-
ment, grounding, bonding, purging procedures, and depud-
dling operations. Training or recertification shall be con-
ducted annually.

2.2.3.6 Training will be provided by qualified individuals.
Lesson plans or training outlines shall be approved by the
responsible MXG/CC, LG/CC, Safety Office, BEF, Fire
Department, and Environmental Management office as
applicable.

2.3 ASSUMPTIONS AND ALTERNATIVES.

Some fuel cell/tank inspection and maintenance is accom-
plished without fuel or other flammable materials being
present. In these cases the MXG/CC or LG/CC may, with
coordination and concurrence from ground safety, BEF,
and the fire department, rule that certain requirements of
this chapter may be waived (the requirement for a permit
entry system shall not be waived). This may be done after a
review of the work procedures, an assessment of the work
environment, and documentation of the absence of pre-
sumed hazards. The waiver is only applicable to require-
ments originating in this manual and is not extendible to
requirements originating in weapon system technical
orders, OSHA documents, and AFOSH documents.

2.4 HAZARDS PRESENT.

2.4.1 Static Electricity. Static electricity is frequently
generated when two unlike materials are brought into
contact and then separated. Some common means of gener-
ating static charges are; a person removing clothing, dust
blowing across a surface, or liquid flowing through a pipe.
The most practical method to protect against static charge
buildup is to dissipate the static charges through proper
connections to the ground. All personnel approaching an
aircraft for fuel systems maintenance shall touch a static
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discharge plate or grounding point to remove static
electricity.

2.4.2 Confined Spaces and Enclosed Areas.

2.4.2.1 Confined spaces create a unique hazard due to
limited entry/exit points and potential atmospheric hazards.
To limit the risk associated with entry the confined space
shall be assessed for hazards. Entry to the space shall be
limited to authorized individuals and rescue procedures
shall be in place prior to any entry. To prevent accidental
death or injury from entrapment in confined spaces the
requirements of this chapter and the applicable AFOSH
standards shall be followed (91 and 48 series).

NOTE

All personnel assigned to a fuel system repair
chapter shall be qualified to enter the smallest
fuel tank/cell that permits personnel entry on all
MDS assigned.

2.4.2.2 Some aircraft have tanks which are separated into
multiple compartments. For the purposes of this T.O. each
compartment will be treated as an individual tank. When air
purging each compartment will be purged and depuddled,
to the extent necessary, before opening the next
compartment.

2.4.3 Hot Work. Hot work (e.g. cutting, welding, solder-
ing, or any other operation that can provide a possible
source of ignition) will generate temperatures high enough
to ignite fuel, solvents, and other materials present during
fuel systems repair. Special care must be taken to eliminate
the combustion hazard associated with hot work. Approval
for hot work in confined spaces shall be obtained from the
base fire department. To prevent accidental death, injury or
damage to aircraft the requirements of this manual and
applicable AFOSH standards shall be followed.

2.4.4 Chemicals. Solvents, chemicals, and other prod-

ucts used to repair aircraft fuel tanks and cells may be
classified as flammable or combustible depending on their
flash point. In addition to the fire hazard these solvents,
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chemicals, and products may contain toxic substances. To
prevent ignition of, or overexposure to, these products the
requirements of this chapter and the applicable AFOSH
standards shall be followed (91 and 48 series). A Material
Safety Data Sheet (MSDS) shall be available for each
solvent, chemical or product used. Manufacturer’s warn-
ings and cautions shall be observed. Contact the local BEF
for guidance on personal protective equipment to be used
when working with solvents, chemicals, and other products.

2.4.5 Radar and Communications Systems. Certain

radar and communications systems, especially high pow-
ered ground based systems, are capable of producing peak
power densities intense enough to cause unintentional igni-
tion of volatile fuels when used in close proximity to fuel
servicing, storage or maintenance areas. The base commu-
nication officer shall be contacted periodically to determine
if equipment capable of producing such intensities is pres-
ently being used or future use is planned. Guidelines for
separation distances are contained in TO 31Z-10-4. Assis-
tance may be requested from the local BEF office (OPR for
radio frequency radiation program).

2.4.6 Fuels.

2.4.6.1 Air Force aircraft fuels are classified as either
combustible or flammable liquids. AVGAS and JP-4 have a
large percentage of low flash point hydrocarbons and will
create a readily ignitable vapor-air concentration at ambient
temperatures. AVGAS and JP-4 are flammable liquids. JP-
5 and JP-8 are comprised of a larger percentage of higher
flash point hydrocarbons and do not as readily form flam-
mable vapor-air concentrations at ambient temperatures.
JP-5 and JP-8 are combustible liquids. At temperatures
below the flash point fuels are not likely to generate
sufficient vapors to form a vapor-air concentration in the
explosive range. Military Specification fuels (JP-Series)
require the use of antistatic additives. Commercial fuels
(Jet-A, Jet-A1l, Jet-B) do not have antistatic additives.

The values of Table 2-1 are approximate since the fuels
have a flashpoint range. JP-5 and JP-8 flashpoint are the
specification minimums.
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Table 2-1. Common Jet Fuel Properties and Additives
JET FUEL PROPERTIES
JP-4 JP-8 JET A-1 JET A JP-5
FLASHPOINT °F -20 100 100 100 140
FREEZE POINT °F -72 -53 -53 -40 -51
FLAMM °F -20 TO 80 100 - 170 100 - 170 100 - 170 | 140 - 220
LBS/GAL 6.3 6.7 6.7 6.7 6.8
VAPOR PRESSURE 2-3 NIL NIL NIL NIL
AROMATICS % 25 25 20 20 25
BTU/GAL (TYPICAL) 118900 124500 124500 124500 126000
(+4.7%) (+5.9%)
JET FUEL ADDITIVES
JP-4 JP-8 JET A-1 JET A JP-5
FSII YES YES NO* NO* YES
CORR/LUBR YES YES NO* NO* YES
CONDUTIVITY YES YES YES NO* NO
ANTI-OXIDANT COND COND NO* NO* YES
METAL DETACT OPT OPT NO* NO* OPT
TRACER OPT OPT NO NO OPT
COND = IF HYDRO TREATED
OPT = OPTION OF SUPPLIER
* = APPROVED BUT NOT TYPICALLY USED
FUEL TYPE FLASHPOINT PPM (LEL) AVGAS -50°F
14,00 JP-4 -20°F 8,000 JP-5 140°F
6,000 JP-8 100°F 7,000 JP-10 127°F
6,500 JPTS 109°F 6,100

2.4.6.2 In addition to the fire hazard, fuels also contain
toxic substances such as benzene; toluene and xylene.
Exposure to high levels of fuel may cause headaches,
dizziness, or euphoria. Dermal exposure might result in
itchy, red, peeling or tender skin. To prevent ignition of or
overexposure to aircraft fuel the requirements of this chap-
ter and the applicable AFOSH standards shall be followed
(91 and 48 series).

2.4.7 Climatic Conditions. High winds (usually 30 kts/

hr or higher), thunderstorms/lightning or other forms of
severe weather can damage aircraft or injure personnel.
Severe weather can cause power outages, create a hazard
from wind blown materials, sand or equipment, create high
levels of static electricity, cause water intrusion or cause
other problems. Lightning may cause the ignition of fuel
vapors or electrocution of personnel. Extremes in tempera-
ture can cause heat stress, freezing of skin and other
injuries or illnesses. For guidance on performing fuel
systems maintenance during periods of temperature
extremes contact the local BEF office.

2.4.8 Environmental Hazards. Many of the operations

in this manual use materials which generate hazardous
waste or can damage the environment. Many of the sol-
vents including those claiming to be biodegradable are
capable of generating significant amounts of hazardous
waste. The use of Ozone Depleting Substances (ODS) is
being banned. Every effort has been made to eliminate the
use of ozone depleting substances to the maximum extent
possible. Ozone depleting substances may only be used
when no other alternative is available and then approval
must be granted in accordance with Air Force policy. The
local Environmental Management Office should be con-
tacted for further information and guidance on this subject.

2.4.9 Ancillary Systems. Fire Suppression Systems,
OBIGGS, and hydrazine systems require extreme caution.
Refer to applicable aircraft technical manuals for more
specific guidance.
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2.5 MEDICAL REQUIREMENTS.

2.5.1 Physical Examinations. The design, develop-

ment and execution of USAF employee health programs
are described in AFI 48-145, Occupational Health Pro-
gram. Specific medical surveillance requirements for fuels
systems personnel are defined in AFOSH Standard 48-8,
Controlling Exposures to Hazardous Materials. In accor-
dance with AFI 48-145, the base level Occupational Health
Working Group (OHWG) may add to the 48-8 require-
ments based on a comprehensive review of the exposure
risk and medical literature. However, the medical surveil-
lance requirements addressed in the 48-8 should be consid-
ered the minimum requirement to make sure worker health
and safety. Personnel who are required to wear respirators
must be evaluated prior to fit testing as required by AFOSH
Std 48-137, Respiratory Protection Program.

2.5.2 Medical Treatment.

2.5.2.1 If a worker’s eyes are exposed to fuel, the eyes
must be flushed immediately and repeatedly with fresh
water. Medical treatment shall be obtained as soon as
possible. If a worker’s skin is exposed to fuel, the skin must
be thoroughly cleansed of any fuel with mild soap and
water, as soon as possible. Medical attention shall be
obtained if abnormal conditions or symptoms develop.
Regardless of prior cleansing, any worker who has direct
contact with fuel (e.g. wet fuel operations) must shower at
the end of the shift.

2.5.2.2 Personnel ingesting fuel or other chemicals shall
be immediately taken to a medical facility for treatment. Do
not induce vomiting unless authorized by medical
personnel.

2.5.2.3 For treatment of other types of injury and illness
contact base medical officer.

2.6 PROTECTIVE CLOTHING AND EQUIPMENT.

2.6.1 Clothing.

2.6.1.1 Coveralls. Personnel performing fuel maintenance
in fuel systems repair areas/facilities shall wear approved
coveralls to protect them from fuel exposure while elimi-
nating the possibility of creating a static electricity dis-
charge. The coverall material must be static-resistant and
buttons or tabs must be non-sparking. The coveralls must
offer adequate protection from liquid penetration without a
significant increase in heat stress levels. The tri-layer
coverall shall be worn for operations that involve direct
prolonged exposure, including wet fuel operations such as
fuel tank entry, foam removal/installation and depuddling
(e.g., A-10, C130 and F-15). The Tri-Layer coveralls shall
be worn at all times during fuel tank operations except
when the tank has been completely depuddled, dried and
ventilated with no chance of seepage of fuel from other
areas such as fuel lines (99.9% of the time this will be at
Depot only). Standard cotton coveralls are acceptable for
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other applications that do not generally have direct contact
with fuel. All coveralls will be thoroughly washed after
use. Personnel shall not wear coveralls that are dirty, soiled,
or have any residue. Coveralls with excessive dried sealant
or stains will be discarded. Care should be taken to make
sure loose buttons do not snag on fuel system components
and become torn loose.

2.6.1.2 Chemical Resistant Clothing. Personnel may use
additional chemical resistant clothing if approved by the
base bio-environmental office. This clothing will be cov-
ered by approved outer garments to prevent discharge of
static electricity. In general this clothing will increase the
probability of heat stress.

2.6.1.3 Footwear. Personnel entering the fuel systems
repair areas/facilities shall remove all footwear with
exposed spark producing nails or metal plates on the
walking surfaces. Clean shoes or boots with or without
footwear covers may be worn in integral tanks. Shoes or
boots shall not be worn in bladders. Static-resistant booties
or neoprene shall be worn. Cotton or cotton blend socks
with or without footwear covers are optional. make sure the
booties are clean and serviceable.

2.6.1.4 Gloves. Chemical resistant gloves or other locally
approved gloves are required for depuddling fuel, applica-
tion of cleaners/solvents, and removal of explosion sup-
pression foam. Static-resistant, chemical resistant gloves
must also be worn for the application of sealants and
adhesives. Hand creams and barrier creams, are not consid-
ered suitable hand protection but may be used under any
approved glove.

2.6.1.5 Head coverings. Head coverings must be worn
whenever a potential exposure to liquid fuel (e.g., pulling
foam overhead) exists. The head covering must be chemi-
cal and static resistant. Head coverings must also be worn
when accomplishing internal curing type sealant repair. The
head covering will prevent scalp oils from contaminating
aircraft surfaces and minimize the possibility of getting
sealant in hair.

2.6.1.6 Knee and Elbow Pads. Neoprene rubber knee and
elbow pads may be used for protection. Neoprene rubber
mats may be laid in the cell/tank for cushioning and
protection.

2.6.2 Personal Protective Equipment.

2.6.2.1 Respirators. The local BEF and the Entry Author-
ity shall provide guidance on respiratory protection. A full-
face supplied air respirator shall be worn for all fuel cell/
tank entries. All respirators shall be selected and main-
tained in accordance with AFOSH 48-137. Entry Author-
ity/Supervisor will make sure the selected respirator’s
NIOSH certification is maintained, and the air pump pres-
sure supplied to respirator meets respirator manufacturer’s
requirements. If organic vapor cartridges are used, they



must be changed out according to a locally determined
change out schedule determined by the BEF.

2.6.2.2 Eye Protection. Personnel performing work that
has the potential to irritate the eyes or expose the eyes to
liquids, dusts, flying objects, etc., shall wear appropriate
eye protection (i.e., goggles) if a full-face respirator is not
required. Contact lenses can be worn in conjunction with
protective eyewear.

2.6.2.3 Hearing Protection. The local BEF shall determine
hearing protection requirements based on a survey of
operations performed.

2.6.3 Monitoring Equipment.

2.6.3.1 JP-8 Vapor Meter. JP-8 vapor concentration must
be measured using a photoionization detector (PID). A PID
uses an ultraviolet lamp to ionize vapor molecules. A PID
measures JP-8 vapor in parts per million (ppm), not %
LEL. An equivalent meter must be approved/coordinated
with the item manager, equipment specialist, MAJCOM
Fuel Systems Representatives, AFIERA/RSHI, and the
manager of this T.O.

2.6.3.1.1 PID Measurements. A PID measures in parts per
million (ppm). A conservative estimate of JP-8§ LEL is
0.6% or 6,000 ppm. The concentration of JP-8 vapor must
be below 600 ppm (10% LEL of JP-8) before tank entry is
authorized.

2.6.3.1.2 PID Operations. The PID should be calibrated
with nonane or a JP-8 gas surrogate. The ultraviolet lamp
should be 10.2-10.6 eV.

NOTE

The JP-8 LEL of 0.6% is specific to JP-8.
Other fuels and gases will have different LEL
values.

2.6.3.2 Oxygen Meter. This meter may be combined with
the PID. The oxygen meter should be capable of measuring
oxygen concentrations in the 4 percent to 25 percent range.

2.6.3.3 Some PIDs have both oxygen and JP-8 vapor
measurement capability. These meters must meet the same
general detection capability as the stand-alone equipment.

2.6.3.4 Toxicity Indicators. In general instrumentation
designed to detect toxic chemicals is not required for day-
to-day fuel systems maintenance. The local BEF should
conduct periodic sampling to detect and measure toxic
substances.

2.6.4 Emergency Rescue and Retrieval Equipment.

2.6.4.1 Respirator. A full face, supplied air, respirator and
all associated interconnects shall be maintained at the work
site to use in emergencies. The Fuels Section Chief and
BEF should select emergency escape respirators using the
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guidance in AFOSH 48-137. (Except at Depot level where
the Fire Department will be the initial Response Agency
and will supply all rescue equipment required).

2.6.4.2 Lifting and Retrieval Devices. These devices are
used to assist in removing incapacitated personnel from
tanks. These devices can damage the aircraft or further
injure personnel if improperly designed or used (reference
AFOSH 91-46). Approval for use of these types of equip-
ment requires the fuel system element chief obtain coordi-
nation/approval from the Aircraft System Program Man-
ager (SPM)/ Engineering, Fire Department, Ground Safety
Office.

2.6.4.3 Other equipment, if required, shall be approved by
the System Program Director, Fire Department, Ground
Safety office, fuel element shop chief, and BEF as
necessary.

2.7 SAFETY PRACTICES.

2.7.1 Support Equipment.

2.7.1.1 General. All rolling support equipment used in
fuel systems repair areas/facilities shall be equipped with
anti-static, non-metal, (rubber or composition) wheels.
Equipment shall be inspected prior to being brought into
the fuel systems repair area/facility. Fire extinguishers,
sealant guns, mixers, communications equipment, aircraft
jacks, and other similar equipment are not considered
support equipment. Support equipment shall be inventoried
or controlled to make sure none is left on or in the aircraft
during fueling, defueling or flight.

2.7.2 Powered Support Equipment. Powered support

equipment shall bepositioned outside the 50 foot marked
area. Equipment should be positioned upwind if possible to
guard against possible ignition sources. All support equip-
ment shall have cables and hydraulic lines in excess of 50
feet. Exceptions are the MA-1 blower, HDU-13/M heater,
explosion proof fans/blowers, Air Purifier Cart, or any
other explosion proof/intrinsically safe equipment which
are allowed within the marked area. Equipment within the
marked area shall be bonded to the aircraft. Equipment
outside the marked area does not require grounding or
bonding. Ambient air breathing equipment shall be posi-
tioned away from vehicle/equipment exhaust, ventilating/
purging exhaust ducts or other similar operations to make
sure air intakes are located in an uncontaminated area.

2.7.3 Non-Powered  Support  Equipment. Work
Stands. Personnel are subject to falling when working
above floor level. Workstands shall be provided, used and
maintained in accordance with applicable directives. Work
stands shall have nonslip step surfaces. Worn step surfaces
shall be repaired or replaced. Work stands shall have static
discharge plates and bonding wires as required by para-
graph 2.9.5.
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2.7.4 Tools and Tool Boxes.

2.7.4.1 Rubber wheeled, maxi-type toolboxes are author-
ized inside fuel systems repair facilities and areas without
being grounded or bonded. All hand carried tool boxes
brought into the fuel systems repair facility/area shall be
placed on a non-metal, antistatic composition or rubber
mat. At no time shall the box be placed on another surface
or carried onto the aircraft or work stands. Tools required
to perform maintenance shall be hand carried to the aircraft
in non-metallic containers, such as fiberboard boxes or
canvas bags. Toolboxes locked and secured in storage racks
need not be removed from the fuel systems repair facility
provided they remain locked in the storage rack.

2.7.5 Fuel Collection Containers. Fuel shall only be

collected in approved safety containers, bowsers, or rubber
pails. All containers should be marked to denote grade of
fuel contained. Bowsers and metallic safety containers shall
be bonded to the aircraft during fuel transfer. Locally
manufactured containers shall meet the requirements of TO
00-25-172. Drip pans are not approved fuel collection
containers. Fuels without antistatic additives shall not be
allowed to free-fall into any container unless absolutely
necessary (free-fall shall be kept to the minimum neces-
sary). All pails and drip pans shall be emptied daily or more
often as necessary.

2.7.6 Electrical Equipment.

2.7.6.1 Aircraft Radar. Separation distances between fuel
systems repair areas/facilities and aircraft radar should be
provided in the systems technical orders. If the system
technical order is not available or do not contain separation
distances then 300 feet (100 feet when using a dummy
load) is the required minimum distance. Refer to TO 31Z-
10-4 for additional information.

2.7.6.2 Radios. Mobile radios may be used in fuel sys-
tems repair areas/facilities for communication between job
control and the fuel system work center or for emergency
communication. Restrictions of TO 31Z-10-4 shall apply.

2.7.6.3 Non-intrinsically safe radios shall be kept at least
50 feet away. The distance requirements do not apply to
adjacent offices that are enclosed.

2.7.6.4 Intercoms, Radios, and Telephones. Intrinsically
safe radios/intercoms or telephones approved for NFPA 70
Class I, hazardous areas may be used. Intercoms, radios,
and telephones are permitted in fuel systems repair areas/
facilities to maintain communications between members of
the entry team or other personnel. These items shall be
maintained, inspected, and repaired in accordance with
manufacturer’s instructions.

2.7.6.5 Flashlights. Flashlights used in fuel systems repair
areas/facilities shall be intrinsically safe or approved for
NFPA 70 Class I, hazardous areas. Flashlights shall be
checked for serviceability prior to use. As a minimum the
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flashlight shall have an unbroken lens, no missing seals or
other visible defects.

2.7.6.6 Lights. All lights other than flashlights used for, or
in, fuel systems repair areas/facilities shall be approved for
NFPA 70 Class I, hazardous areas (explosion-proof type).

2.7.6.7 Other Electrical Equipment (i.e. digital cameras
and PMA’s). All other electrical equipment used in fuel
systems repair areas/facilities shall be either intrinsically
safe or approved for NFPA 70 Class I, hazardous areas. In
the event non-intrinsically safe or non-NFPA 70, Class I,
approved equipment must be used, the tank shall be purged
to 1.5% LEL or less and continuously air purged and
monitored.

2.7.7 Communications and Visual Aids.

2.7.7.1 Communication. Voice or visual signal communi-
cations are essential to maintaining a safe working environ-
ment. Communication shall be maintained between all
personnel present. The use of an approved radio, intercom,
or telephone is recommended. Personnel shall be briefed on
visual signals prior to each entry.

2.7.7.2 Streamers and Forms.

a. All support equipment, plugs, caps, and cover
plates connected to the aircraft shall have a red
“REMOVE BEFORE FLIGHT”’ streamer. The
red streamer will be attached at the point where the
equipment is connected to the aircraft. AF Form
1492 shall not be used in lieu of red streamers.

b. All vent plugs, vent caps, vent cover plates, and
equipment that will affect the venting, fueling,
defueling, or transferring of fuel on an aircraft shall
have a yellow ‘“‘REMOVE BEFORE FUELING/
DEFUELING”’ streamer. If yellow streamers are
not available AF Form 1492 (WARNING TAG)
shall be used for each vent plug installed on the
aircraft. The AF Form shall be attached to the
single point refueling receptacle along with an
AFTO Form 781A entry of location of plug. Yel-
low streamers can be locally manufactured and
should be 2 to 3 feet long.

NOTE

Severe aircraft structural damage can be cause
by failure to remove plug and caps from air-
craft vent system.

c. An in-process inspection (IPI) shall be accom-
plished prior to all tank/cell closures to minimize
FOD hazard and make sure all materials, tools and
equipment taken into the tank/cells are removed.
The IPI shall be documented in the aircraft’s 781A
forms.



2.7.7.3 Signs. All fuel systems repair areas/facilities shall
be clearly marked with warning signs ‘‘DANGER, OPEN
FUEL TANKS, UNAUTHORIZED PERSONNEL KEEP
OUT”’. All Category I facilities shall also have ‘‘NO
FUELED AIRCRAFT IN THIS FACILITY”’, signs posted
in the aircraft maintenance area.

2.7.7.4 Rope, Chain or Cable. All fuel systems repair
areas/facilities shall be marked off 50 feet from all points
on the aircraft with rope, chain, or cable. The roping of
facilities applies to those areas of the structure that are
normally open and is intended to control foot traffic into
the facility. During combination air or exhaust purge an
additional 50 feet radius downwind from the end of exhaust
duct shall also be marked off.

2.7.8 Munitions, Explosive, and Pyrotechnic
Devices. These devices by their nature are an additional

source of fuel for a fire and may complicate rescue and fire
fighting operations. The aircraft will be non-explosives
loaded in accordance with T.O. 11A-1-33. Generally this
means egress, survival kits, destructors, fire extinguisher
cartridges, and engine starter cartridges may remain on the
aircraft. These devices will be made safe in accordance
with system manuals and T.O. 11A-1-33 as applicable. All
munitions including 30mm and smaller including TP ammo
will be downloaded when any of the following conditions
are present:

a. The aircraft is in a hanger for fuel system
maintenance.

b. An entry permit is required to perform the mainte-
nance task.

c. Hot work is to be accomplished.

d. The location of the outside repair area limits are
hinders Fire Department response.

Munitions do not have to be downloaded if the

maintenance task requires removal/replacement,
inspection, and test of externally mounted fuel
system components.

2.7.9 Aircraft Operations.

2.7.9.1 Aircraft shall not be allowed to operate under their
own power within 100 feet of fuel systems repair areas or
exposed portions of aircraft in facilities. Refer to paragraph
2.7.6, for information concerning operation of aircraft radar
and communications equipment in the vicinity of fuel
systems repair areas and facilities.

2.7.9.2 Minor encroachment of the 100 foot limit is
permissible when the aircraft is fully enclosed in a hangar.
However, engine operation in adjacent hangars or from
aircraft on nearby taxiways may create noise or other
hazards. These operations shall be curtailed when they
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impact the ability to safely conduct fuel system mainte-
nance. Generally this will require coordination between the
MXG, LG and OG staff.

2.7.10 Externally Mounted Fuel System Compo-
nents. Fuel system repairs which do not require fuel tank
entry, depuddling, or purging operations may be accom-
plished in any facility, parking ramp, or open area approved
for other types of aircraft maintenance. Aircraft power shall
not be applied and nonessential equipment will be removed
from the immediate area. Circuit breakers, power recepta-
cles, and SPR connections shall be tagged to indicate
maintenance is being performed. Electrical equipment will
be approved for use in Class I hazardous areas. No other
maintenance will be conducted on the aircraft during these
repairs. Openings from the removed components shall be
covered with locally manufactured caps or plugs to prevent
fuel vapors from escaping through the opening. Barrier
material, aluminum foil, plastic bags, etc., will not be used
to cover the openings. The Fuels Section Chief will release
the aircraft for other maintenance once the repairs are
complete or caps/plugs are in place.

2.8 CONFINED SPACE ENTRY (FUEL CELL/TANK
ENTRY).

2.8.1 General.

2.8.1.1 Confined space entry can be for various reasons
(e.g., inspection, repair, rescue). Entry into IDLH atmo-
spheres will not be conducted routinely. IDLH entries will
be conducted for emergencies in accordance with AFOSH
91-25. Certain sequences of events may require entry into a
confined space with hazards present beyond the scope
covered in this manual, these entries will be coordinated
with the local Safety, Fire Dept, BEF, and MXG/CC, LG/
CC or civilian equivalent. Instructions contained within this
chapter and other chapters of this T.O. will develop the
requirements for “Permit Required Confined Spaces” in
accordance with Air Force and OSHA health and safety
directives. These procedures are for routine recurring entry
in a non-IDLH atmosphere. Entry for rescue shall be
conducted in accordance with the procedures set forth in
the local rescue plan.

2.8.1.2 The requirements for the aircraft integral tanks
and fuel cell confined space permit system are derived from
Air Force and OSHA safety and health requirements.

2.8.2 Responsibilities.

2.8.2.1 The MXG/CC, LG/CC or equivalent is responsi-
ble for the safe execution of all entries into and work
performed in aircraft fuel tanks and cells, and for issuing
over his/her signature on the letter designating the Entry
Authority and authorizing the issue of Entry Permits
(Master Entry Permit).

2.8.2.2 Attendants have overall responsibility for moni-
toring the entry area inside and outside the aircraft fuel cell/
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tank, including termination of the entry if unsafe conditions
develop.

2.8.2.3 Entrants are responsible for complying with the
conditions of the field permit, this T.O. and the directions
of the attendant at all times, including vacating the tank/cell
when so directed.

2.8.2.4 MXG or LG/CC, BEF, Safety, and Fire Preven-
tion officials are responsible for evaluating and coordinat-
ing on the Master Entry Permit, in addition to those duties
outlined by other Air Force directives.

2.8.2.5 Training will be provided by qualified individuals
on the installation using lesson plans or training outlines
approved by the Entry Authority, the responsible Safety
office, BEF, and the Fire Department.

2.8.2.6 Vigilance is required on the part of all personnel
who work in fuel cells/tanks (confined spaces).

2.8.2.7 Personnel Requirements. When entering a cell/
tank a minimum of three people will be used. One 2A6X4
person (or civilian equivalent) shall enter the tank, one
2A6X4 person (or civilian equivalent) shall remain outside
the tank as an attendant.

a. The Entry Authority shall designate a fuel tank
entry chief for each tank entry. The fuel tank entry
chief will have supervisory control over all other
team members. Qualified attendants may serve as
the tank entry chief.

b. The MXG/CC, LG/CC, or civilian counterpart may
substitute a non-2A6X4 person as an attendant
when circumstances require, such as work stoppage
due to fuel system personnel manning shortages or
surges in workload to sustain readiness. The
acceptance of reasonable risk should be weighed
by the person exercising this authority to assure
that safety is not compromised. Any non-2A6X4
individual selected as an attendant shall have either
completed a fuel system repair school or have
received training from the Fuel Element Shop
Chief. The local training shall cover tank familiari-
zation, safety equipment, grounding, bonding,
purging procedures, depuddling, operations, using
respirators, recognizing symptoms of toxicity from
fuel and solvent vapors, and rescue/emergency
procedures as well as the general duties of an
attendant.

c. Training or recertifcation shall be conducted
annually.

d. When authorized by the Entry Authority or Desig-
nated alternate an attendant may monitor more than
one tank entry, as long as he can effectively
perform the duties of an attendant.
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e. When authorized by the Entry Authority or Desig-
nated alternate, the third person may perform the
runner/equipment monitor duties for more than one
cell/tank entry as long as the runner/equipment
monitor remains in the immediate area of the cell/
tanks, e.g., within shouting distance, and is other-
wise capable of executing any responsibilities
assigned as the runner/equipment monitor by the
Emergency Response Plan.

2.8.3 Emergency Response Plan and Procedures.

2.8.3.1 Each repair activity in coordination with installa-
tion medical services, Fire Department, Safety, and BEF
officials, will develop a written Emergency Response Plan.
The plan will establish a rescue team consisting of person-
nel to remove individuals incapable of self-rescue from
tanks from which such a removal is possible, and base or
local emergency response agencies to provide immediate
medical care, and removal if not otherwise possible. The
plan will account for all foreseeable rescue situations.
Minimum requirements are listed below:

WARNING

All attendants will have the capability of sum-
moning the emergency response team on site.
Unit rescue is first team rescue for all personnel
entrapment. The equipment monitor cannot
assume the attendant post unless he/she is fully
qualified and have a person present to replace
him/her as equipment monitor.

2.8.3.2 For those tanks/cells that entry for removal is
possible, the plan will identify either the authorized attend-
ant or the runner/equipment monitor for initial removal
attempts employing the following procedures.

a. Prior to any tank entry for removal of an incapaci-
tated entrant, the attendant will alert the emergency
response team.

b. Make sure that the tank is being properly
ventilated.

c. Determine, through contact with the entrant if
possible, the nature of the emergency.

d. Assess the conditions of the tank.

e. Make any rescue attempts possible from outside
the tank.

2.8.3.3 Emergency Response Plans will list equipment
and facility requirements necessary to safely remove an
incapacitated entrant.



2.8.3.4 Emergency Response Plans will define the roles
and activities of all responding emergency agencies, includ-
ing rescue from a tank from which removal by the attendant
has failed or is not possible.

2.8.3.5 Rescue capability must exist for all shifts during
which tank entry is accomplished.

2.8.3.6 Although the most likely rescue will be from a
non-IDLH environment, the plan will account for rescue
from an IDLH environment.

2.8.3.7 The plan will be exercised with all relevant base
agencies at least annually, during which the rescue team
will practice making removals from actual or simulated
tanks. Dummies or mannequins can be used for the
exercise.

2.8.4 Confined Space Entry Requirements.

2.8.4.1 General.

a. All aircraft integral tanks and fuel cells will be
considered permit required confined spaces. A per-
mit shall be obtained prior to making a tank entry.

b. If the maintenance or inspection procedures require
only hand/arm entry into a confined space and
there is no possibility of injury from electrical or
mechanical hazards, no permit is required.

(1) Tanks containing atmospheres considered to be
immediately dangerous to life and health
(IDLH) will not be entered using the confined
space entry procedures of this chapter. For the
purposes of this T.O., IDLH is considered to be
LEL of greater than 20% or (1200 ppm), oxygen
content of 16% or less or greater than 23.5%, or
a toxicity level of any chemical agents used in
the tank at or above IDLH levels specified by
BEF.

(2) Tank entries for the purposes of rescue will be
performed by trained, predesignated teams as
specified.

(3) All participants in tank entries at depot level
will be trained as outlined in this chapter of the
T.O. Unattended entry shall never be
authorized.

2.8.4.2 Master Entry Permit. The Master Entry Permit
certifies the Fuel Systems Repair Supervisor to act as the
Entry Authority for aircraft fuel cell/tank entries. The
Master Entry Permit does not authorize entrance into any
permit- required space. The authorization letter will be
developed by the organization performing fuel tank/cell
entries and approved by MXG/CC, or LG/CC, Installation
BEF, Safety, and Fire Prevention Officials. The AF Form
1024, Confined Space Entry Permit, which is approved for
local reproduction (LRA), with addendums and modified as
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necessary to meet the requirements of this T.O. or a locally
developed letter may be used. Table 2-3 is a sample Master
Entry Permit.

a. The Master Entry Permit will be issued for a
maximum of one year.

b. The Master Entry Permit will certify, by name and
position, the Entry Authority and Designated
Alternates.

c. The Master Entry Permit will describe the condi-
tions under which the Entry Authority or Desig-
nated Alternates may issue Entry Permits
including:

(1) Type aircraft to which the Master Entry Permit
and Entry Permits will apply.

(2) General descriptions of the routine and recurring
type work to be performed during permitted
entries and the work centers which will be
performing the work.

(3) Authorized atmospheric conditions of the tank
(e.g., tank properly purged, LEL, Oxygen, tox-
icity at prescribed levels).

(4) Type chemicals, sealants, adhesives, etc. author-
ized to be used in the tank. Generally, any
required by T.O. 1-1-3 procedures should be
authorized, along with any other routinely used
material that has been fully evaluated and
approved by the local safety, fire, and BEF.

(5) Procedures, practices and personnel require-
ments for periods of deployment to non-Air
Force installations or during readiness exercises
and operations at remote locations.

(6) Additional location specific conditions deemed
necessary by local BEF, Safety, or Fire
Officials.

d. The Master Entry Permit will specifically state that
any entry not consistent with the conditions of the
Master Entry Permit will not be authorized by the
Entry Authority or any Designated Alternates.

e. As part of the annual authorization process, the
MXG/CC, LG/CC, BEF, Ground Safety, and Fire
Prevention officials must review, validate and
approve the Master Entry Permit. This approval
will be based on reviews and assessments of:

(1) Maintenance fuel cell/tank familiarization train-
ing and related confined space training pro-
grams developed as required by MXG/CC, LG/
CC, BEF, Ground Safety and Fire Prevention
Officials.
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(2) The selection process for Designated Alternate
Entry Authorities.

(3) Entry Permit issuing procedures.

(4) The operation and condition of sampling equip-
ment (i.e., combustible gas indicators and oxy-
gen meters, and other direct reading
instruments.).

(5) The condition and use of personal protective
equipment.

(6) The organizations Fuel Cell/Tank Emergency
Response Plan.

2.8.4.3 Designated Alternate Entry Authorities. Desig-

nated

Alternates are selected by the Entry Authority and

Certified on the Master Entry Permit. There should be
sufficient Designated Alternates to make sure coverage of
all operations and shifts. Designated Alternates will as a
minimum be:

a.

b.

Fully qualified on aircraft fuel system maintenance.

Knowledgeable of the hazards of a confined space,
the testing and monitoring requirements of the
specific confined spaces, the rescue procedures,
and the confined space entry requirements con-
tained in this T.O.

2.8.4.4 Entry Permit Issue. The Entry Authority/Desig-

nated

a.
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Alternate will:

Only issue an entry permit after all controls and
testing are accomplished.

Never permit entry into a tank or cell with an
IDLH atmosphere.

Make sure all entries and work performed adhere
to the safety practices and procedures contained in
this T.O.

Establish and maintain a system for controlling
entry into all aircraft fuel tanks and cells.

(1) The Entry Authority or Designated Alternate
will only issue a Entry Permit for tank entries
performed under conditions consistent with the
Master Entry Permit. Entry Permits may be
issued for similar tasks performed under similar
conditions in different tanks/cell on the same
aircraft. The Entry Permit will cover the dura-
tion of the task(s) to be performed unless condi-
tions under which the Entry Permit was issued
change prior to task completion. The Entry
Permit will never be issued for more than one
year.

(2) The Entry Authority or Designated Alternates
will amend or reissue the Entry Permit if condi-
tions of the original Entry Permit change prior
to task completion and if the changed conditions
are consistent with the Master Entry Permit.
Entry Permit conditions are considered changed
if:

(a) The originally permitted task(s) change.
(b) The aircraft is moved.

(¢) Conditions not in adherence to this T.O
develop.

(d) Chemicals other than originally permitted are
introduced into the tank.

(e) Previously non-permitted personnel require
entry into the tank.

(f) Any condition outside the scope of the
Master Entry Permit develop. Any conditions
or changes not consistent with the Master
Entry Permit require approval from MXG/
CC, LG/CC, BEF, Ground Safety, and the
Fire Department before entry.

(3) The Entry Permit will be a written document.
The AF Form 1024, Confined Spaces Entry
Permit, which is authorized for local reproduc-
tion (LRA), with addendums and modified as
necessary to contain the requirements of this
T.O. as well as additional guidance that may be
dictated by local conditions or a locally devel-
oped form may be used. Table 2-2 is a sample
Entry Permit.

(4) The Entry Permit will be available at the job site
during tank entry. When the task is completed,
the Entry Permit will be returned to the Entry
Authority and canceled. The canceled permit
shall be forwarded to the local Ground Safety
Office and retained for one year.

Make sure all entrants are qualified for tank entry.

(1) Entrants, as a minimum, must be medically
qualified, respirator certified in accordance with
AFOSH 48-137, have received hazard commu-
nication training in accordance with AFOSH
Standard 161-21, and had fuel tank/cell famil-
iarization training as required by this chapter of
this T.O. including: Confined space hazards
related to fuel cells, personnel protective equip-
ment requirements, and self rescue.

(2) Prospective entrants not meeting the above qual-
ifications will not be permitted entry into a tank
or fuel cell.



f. Make sure attendants are trained and available for
all entries.

(1) The Entry Authority or Designated Alternate
shall provide a fully qualified Fuel Systems
Repair specialist to act as an attendant for all
entries. Attendants will be knowledgeable of the
following: the emergency response plan and
procedures, proper use of communication equip-
ment, procedures for summoning rescue team
and positioning of emergency equipment, recog-
nition of early behavioral signs of potential
overexposure caused by chemicals used in the
tank, and the duties of an attendant. Under
certain exceptional circumstances, other than
fuel cell repair specialists may be selected as
attendants.

WARNING

Improperly executed fuel tank/cell rescue
attempts will result in severe injuries or deaths.
Attendants must never enter a permitted con-
fined space, including for rescue, unless
allowed by the Emergency Response Plan. In
the event of an emergency, the attendant must
summon help, and make all attempts possible
to rescue the entrant without entering the tank
or cell.

(2) The attendant will be stationed at the entrance
and remain outside of the entered tank. Duties
of the attendant include: monitoring of activities
inside and outside of the tank for the detection
of hazards; monitoring of individuals in the tank
for signs of overexposure; limiting entry into the
tank to Entry Permit authorized personnel only
and preventing unauthorized personnel from
entering the tank; evacuating all entered tanks in
the event of an emergency or other hazardous
situations within or outside of the tank(s) which
would endanger the entrant(s); evacuating the
tank for any condition which would cause the
attendant to focus attention away from the tank;
and implementing the Emergency Responses
plan if needed.

(3) Attendants may monitor more than one tank
entry if capable of performing the duties listed
in this chapter of the T.O.

(4) The use of electronic or video personnel
monitors are encouraged and may reduce the
number of attendants required to monitor tank
entries.

(5) These devices when used properly, provide
nearly continuous monitoring of personnel
inside large airframe tanks. If used, sufficient
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attendants to control the area around the space
and prevent unauthorized entry will still be
required. Such devices must meet NFPA 70
requirements for use in Class I environments.

2.8.4.5 DEPLOYED AIRCRAFT.

a.

When deployed to another Air Force installation,
all tank/cell entries will comply, to the maximum
extent possible, with the requirements of the
Master Entry Permit at the deployed location.

When deployed to Non-AF military installations,
adhere to the requirements of Master Entry Permit
at the home base to the greatest extent possible.

When deployed to a BARE base or remote location
the unit will make provisions for at least two
qualified fuel system repair specialists for each
entry. The runner/equipment monitor will be
selected from available on-site personnel and will
be briefed on his/her duties including emergency
response procedures. Adhere to the requirements of
Master Entry Permit at the home base to the
greatest extent possible.

Tank/cell entry will not be made until emergency
medical response procedures appropriate to the
location have been identified. The team will deploy
with one combustible gas indicator, one oxygen
indicator and sufficient airline respirators to make
sure safe entry.

2.8.4.6 TRANSIENT AIRCRAFT.

a.

When an aircraft is at an AF installation the fuel
system repair specialist will coordinate all entries
with local personnel. This individual will serve as
the entry chief. Adhere to the requirements of
Master Entry Permit at the host base to the greatest
extent possible.

(1) If an additional entrants are required, the entry

chief shall provide familiarization training to
fuel systems repair specialist from the host base.

(2) The attendant and other personnel may be

selected from the local fuel system repair shop.
The attendant shall be briefed, by the entry
chief, on the work to be performed and provided
an overview of the aircraft fuel system/tank.

When an aircraft is at a non-AF installation, BARE
Base, or remote location the unit will make provi-
sions for at least two qualified fuel system repair
specialists for each entry. The runner/equipment
monitor will be selected from available on-site
personnel and will be briefed on his/her duties
including emergency response procedures. Adhere
to the requirements of Master Entry Permit at the
home base to the greatest extent possible.
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c. Tank/cell entry will not be made until emergency with one combustible gas indicator, one oxygen
medical response procedures appropriate to the indicator and sufficient airline respirators to make
location have been identified. The team will deploy sure safe entry.

Table 2-2. Sample Entry Permit Authorization Letter

SAMPLE CONFINED SPACE ENTRY PERMIT (Entry Permit)
AIRCRAFT TAIL NUMBER: | AIRCRAFT LOCATION (Spot, Ramp)
JOB/TASK: DATE
DURATION: UNTIL TASK IS COMPLETE

COMMUNICATION PROCEDURES: RADIO TELEPHONE ALARM RUNNER
MONITORING EQUIPMENT DATE OF CALIBRATION
HAZARDS PRESENT: FUEL TYPE INERTING GAS

CHEMICALS KNOWN TO BE PRESENT
CHEMICALS TO BE USED: THOSE AUTHORIZED IN T.O. 1-1-3 AND OTHER
APPLICABLE TECHNICAL DIRECTIVES
PURGE METHOD: AIR FLUID (FLUID USED)

OXYGEN LEVEL (MUST BE BETWEEN 19.5% AND 23.5%) @ DATE __ TIME
%LEL DATE TIME

TOXICITY (Date of last Bioenvironmental ~DATE
Engineering assessments)

MONITORING REQUIREMENTS:

OXYGEN LEVEL:
AIR PURGE PRIOR TO FIRST ENTRY OF EVERY SHIFT AND EVERY FOUR HOURS THEREAFTER OR
MORE OFTEN AS DEEMED NECESSARY

FLUID PURGE: PRIOR TO FIRST ENTRY OF EVERY SHIFT OR MORE OFTEN AS DEEMED NECESSARY

AIR PURGE: PRIOR TO FIRST ENTRY OF EVERY SHIFT AND EVERY FOUR HOURS THEREAFTER OR
MORE OFTEN AS DEEMED NECESSARY

LOCATION OF HAZARD SIGNS: SIGNS PLACED IN ACCORDANCE WITH T.O. 1-1-3.
PRE-ENTRY CHECKLIST COMPLETED AND AVAILABLE?
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Table 2-2. Sample Entry Permit Authorization Letter - Continued

ISOLATION PROCEDURES:
LOCKOUT/TAGOUT (ELECTRICAL) NOT REQUIRED COMPLETED
LOCKOUT/TAGOUT (MECHANICAL) NOT REQUIRED COMPLETED

VENTILATION: CONTINUOUS MECHANICAL VENTILATION REQUIRED DURING ALL ENTRIES
EQUIPMENT USED

PERSONAL PROTECTIVE EQUIPMENT:
RESPIRATOR COVERALLS OTHER

REMARKS/ADDITIONAL INFORMATION:
ALL TYPED INFORMATION IS EXTRACTED FROM T.O. 1-1-3.

RESCUE TEAM: (MINIMUM OF TWO PEOPLE) IN CASE OF EMERGENCY CONTACT
(THE PERMIT SHOULD DESIGNATE WHO (EITHER THE ATTENDANT OR RUNNER) IS ASSIGNED RE-

SPONSIBILITY TO PARTICIPATE ON THE EXTRACTION TEAM (IN ACCORDANCE WITH THE EMERGEN-

CY RESPONSE PLAN.))

LOCATION OF RESCUE EQUIPMENT: SPARE RESPIRATOR IS ON SITE
OTHER EQUIPMENT

NAME OF ATTENDANT
(ATTACH LIST IF NECESSARY)

AUTHORIZED ENTRANTS
(ATTACH LIST IF NECESSARY)

ENTRY CHIEF

ENTRY AUTHORITY SIGNATURE/DATE
TITLE
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Table 2-3. Sample Entry Permit Authorization Letter

Sample Master Entry Permit
ORGANIZATION ISSUE DATE EXPIRATION DATE

CHAPTER 1. ENTRY AUTHORITY AND DESIGNATED ALTERNATES: The below listed individuals are author-
ized to issue Field Permits for entry into (list specific types of aircraft) fuel tanks/cells to perform tasks listed in
CHAPTERS 2 and 3 below.

NAME JOB TITLE UNIT JOB TITLE
Entry Authority Designated Alternate Designated Alternate

CHAPTER 2. FUEL SYSTEM REPAIR TASKS AND EJECTED TANK CONDITIONS. The tasks listed below will
be performed by personnel from the Fuels System Repair Work Center. Personnel on entry teams are trained as required
by TO 1-1-3 and all entries will be made in accordance with the requirements of TO 1-1-3.

a. General Tank Conditions: Tanks will be continuously air purged when entered. LEL will be maintained at 10% or
less (20% for foam removal) and oxygen content will be between 19.5 and 23.5%.

b. Specific Tasks.

TASK GOVERING CHEMICALS EXPECTED PERSONAL
NAME OR AIRBORNE PROTECTIVE
TYPE T. O. OR HAZARDOUS LEVELS/DATE EQUIPMENT/ACFT
DIRECTIVE MATERIALS OF BEF RESPIRATOR
EVALUATION

(Use this chapter to list the recurring inspection and maintenance tasks performed by Fuel Systems Repair personnel.
Task names should be as brief, but as descriptive as possible. Listing the date of the last BES Evaluation is highly
recommend because that information will be required on the Field Permit.)

3. NON-FUEL TANK/CELL REPAIR TASKS AND EXPECTED CONDITIONS. Tank entry for the purposes of
completing the below listed tasks will be performed by the Work Centers listed. Entry teams are trained as required by
TO 1-1-3 and all entries will be made in accordance with the requirements of TO 1-1-3.

a. General Tank Conditions: Tanks will be continuously air purged when entered. LEL will be maintained at 10% or
less (20% for foam removal) and oxygen content will be between 19.5 and 23.5%.

b. Specific Tank Conditions: (Insert a table, or listing similar to the one above in CHAPTER 2. Include the Work
Centers performing the work.)

CHAPTER 4. ATMOSPHERIC MONITORING EQUIPMENT. (Use this chapter to list the specific pieces of equip-
ment used to monitor atmospheric conditions combustible gas meter, Oxygen analyzer, etc, in a fuel tank/cell. List by
name and model number. Calibration requirements should also be listed.)

2-14



T.O0. 1-1-3

Table 2-3. Sample Entry Permit Authorization Letter - Continued

CHAPTER 5. DEPLOYMENT AND READINESS PROCEDURES. (The suggested language provided below will
require extensive tailoring to meet the expected mission requirements of a specific organization. The intent of this
chapter is to make sure that tank/cell entries made at other than the home base are done consistent with Air Force safety
and health requirements. Tasks to be performed at deployed locations should be defined and pre-planned to the extent
possible. The permit would then list such items as required personal protective equipment to be deployed, minimum
manning, and emergency response procedures.)

When deployed to another Air Force installation, all tank/cell entries will comply with the requirements of the Entry
Permit Authorization Letter at the deployed location. When deployed to Non-AF military installations, adhere to the
requirements of this permit to the extent possible. When deployed to a bare base or remote location the unit will make
provisions for at least two qualified fuel system repair specialists for each entry. The runner/equipment monitor will be
selected from available on-site personnel and will be briefed on his/her duties including emergency response procedures.
Tank/cell entry will not be made until emergency medical response procedures appropriate to the location have been
identified. The team will deploy with one combustible gas indicator, one oxygen indicator and sufficient air-line
respirators to make sure safe entry.

CHAPTER 6. EMERGENCY RESPONSE PLAN.

Where Maintained

Last Review/Update

CHAPTER 7. ADDITIONAL REQUIREMENTS (Use this chapter to list any additional requirements mandated by
local conditions, if any).

CHAPTER 8. AMENDMENT PROCEDURES. Field Permits for tank/cell entries not consistent with this Master Permit
will not be issued without prior approval from MXG/CC, LG/CC, Safety, BEF, and the Fire Department. After
receiving approval, routine and recurring tasks may added to this Permit on attached sheets with reference to the
appropriate Permit chapter.

CHAPTER 9. APPROVALS

Entry Authority (signature/date) Safety Office (signature/date)
BEF (signature/date)

Fire Department (signature/date)

DCM, MXG/CC, LG/CC, or civilian equivalent (signature/date)

NOTE: This Table is to provide a suggestion on the form and style of the Master Permit. The AF Form 1024, Confined
Spaces Entry Permit, as well as local produced forms or letters, may be used. As a minimum, Entry Permit Authoriza-
tion Letter must contain the elements listed in paragraph 2.8.4.2.

2-15



T.O0. 1-1-3

2.9 AIRCRAFT AND FACILITIES PROTECTION.

2.9.1 Fuel System Repair Operations.

2.9.1.1 JP-5 and JP-8 Serviced Aircraft. Fueling, defuel-
ing, draining, depuddling, fuel transfer, or purging opera-
tions, of fueled aircraft, may be accomplished in an
approved fuel systems maintenance facility or an approved
open area.

2.9.1.2 JP-4 Serviced Aircraft. Fueling and defueling
shall not be accomplished inside any facility. Draining,
depuddling, fuel transfer, or purging operations, of fueled
aircraft, may be accomplished in an approved fuel systems
maintenance facility or an approved open area.

2.9.1.3 No other maintenance will be permitted during air
or fluid purging, depuddling or defueling operations.

2.9.2 Fire Protection.

2.9.2.1 Fuel Systems Repair Facilities. Facilities shall
have fire protection systems which meet the requirements
of Engineering Technical Letter (ETL) 90-09 or other
superseding ETL.

2.9.2.2 Fire-Safe Determination - Oxygen Content and
Combustible Vapor Lower Explosive Limit (LEL) Test
Procedures. Oxygen content of the tank shall be checked
prior to checking the LEL. Equipment shall be calibrated
and operated in accordance with the manufacturer’s
instructions or AF technical orders. The tank atmosphere
shall be checked prior to the first entry of every shift and;
every four hours for air purged aircraft (every eight hours
for fluid purged aircraft) or as often as deemed necessary to
determine if the aircraft is entry/fire-safe. Readings should
be taken at various points in the tank to ensure the
atmosphere is acceptable.

2.9.2.3 Fuel Systems Repair Areas. Fuel systems repair
areas shall be equipped with at least two 150 pound Halon
1211 fire extinguishers. Additional extinguishers shall be
provided when required by the Base Fire Marshal. Each
extinguisher shall be inspected for serviceability. Fire
extinguishers should be positioned such that they do not
create a hazard in the area but are available for immediate
use.

2.9.2.4 Fuel vapors shall be extracted from the facility.
Exhaust shall be operated during defuel, fuel, air purge,
fuel transfer, and draining operations unless ducts are used
to direct the vapors outside.

2.9.2.5 Hot Work. The Fire Department shall approve all
hot work (e.g. grinding, welding, and brazing) on aircraft
and fuel system repair facilities. (refer to instructions on AF
Form 592)

2.9.3 Aircraft Mooring and Ground Handling. Aircraft

mooring and groundhandling shall be in accordance with
the applicable weapon systems technical order.
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2.9.4 Aircraft Electrical Systems.

2.9.4.1 Batteries. All batteries shall be disconnected, in
accordance with the weapon system manual, and cables (or
batteries) tagged with either an AF Form 1492 or 979.
External power receptacles shall be tagged with an AF
Form 1492 or 979.

2.9.4.2 Fuel quantity Wiring Harness Repairs. When har-
ness repairs are required, all repairs will be made in
accordance with TO 1-1-14 and performed outside the tank
or cell. Ensure open tanks/cells are purged to at least a 1.5
percent LEL or less. All open tanks/cells will have LEL
monitored continuously.

2.9.4.3 Fuel Probe Testing. The test may be accomplished
while the probe is electrically connected to the aircraft
using a GTF-6, GTF-20, or equal provided there is no fuel
or fuel vapor in the vicinity of the equipment and the tank
is drained and purged to less than 1.5% LEL.

2.9.4.4 Electrical Conduit Repairs. Fuel leaks in electrical
conduit which enters/exits fuel tanks shall not be repaired
by applying sealants externally or by using other temporary
repairs to the conduit. When fuel is discovered in an
electrical conduit the affected component shall be repaired
or replaced.

2.9.5 Grounding/Bonding.

2.9.5.1 Grounding/Bonding Hardware. Grounding/bond-
ing wires shall be constructed to fasten directly to the
aircraft’s static grounding system. All grounding/bonding
hardware shall be inspected using the criteria outlined in
TO 00-25-172.

2.9.5.2 Aircraft.

a. Temporary Repairs (Chapter 4). The aircraft need
not be grounded. Personnel shall touch an aircraft
ground receptacle (to neutralize static charge and
prevent static discharge from occurring near fuel
vapors) prior to performing inspections and repairs.

b. Other Maintenance and Inspections. The aircraft
shall be grounded when in fuel system repair areas/
facilities and remain grounded for the duration of
the maintenance or inspection. (Ref. 00-25-172)

2.9.5.3 Support Equipment. Powered and non-powered
support equipment shall be bonded to the aircraft by
attaching a cable from the equipment to aircraft receptacle.

2.9.5.4 Workstands. All metallic workstands shall be
equipped with a static discharge plate made of copper, zinc
or zinc coated material. The plate shall be mounted or
attached to the handrail at the entrance to the stand, unless a
static discharge plate already exists (as per the stand’s
technical order). The plate shall be marked “PERSONNEL
STATIC DISCHARGE PLATE.”



2.9.5.5 Drop, External, Ferry, Benson, Weapons Bay
Tanks. Ground metallic tanks during periods of in-tank
inspection and maintenance. During inspections and main-
tenance bond blower ducts, maintenance stands, and sup-
port equipment to metallic tanks. The tanks do not need to
be grounded when stored, parked, or during other periods
when in-tank work is not being accomplished. Prior to
draining or pouring fuel from a metallic container/tank into
a metallic container/tank, momentarily touch the container
to the tank to neutralize the charge. (Ref. 00-25-172)

2.9.5.6 Non-metallic Tanks, Workstands, and Other
Objects. Non-metallic objects (e.g., non-metallic tanks,
fiberglass ladders, and rubber buckets) do not need to be
grounded or bonded.

2.9.6 Housekeeping. Fuel systems repair areas/facili-
ties shall bemaintained to a reasonable level cleanliness and
order. Oil, grease and fuel contaminated rags shall be
placed in proper containers. Spills and leaks shall be
cleaned/contained to prevent creating a fire or trip hazard.
Small spills (Class I, not over two feet in any direction)
shall be immediately cleaned. If a large amount of fuel is
spilled (Class II or III) during draining or transfer, the
operation shall be stopped, power turned off, and the fire
department notified. Work shall not resume until the area is
determined safe by the fire department. Equipment shall be
stowed or positioned so as not to block passage, or create a
hazard. During fuel system maintenance, the facility shall
not be used to store materials, equipment, vehicles, etc.,
which could create a fire hazard, obstruct aircraft egress, or
hinder fire fighting and rescue operations.

2.9.7 Fuel Foam Storage.

2.9.7.1 Indoor Storage. Foam stored indoors shall be
placed in clean electro-static free plastic bags or canvas
bags or placed on a clean electro-static free plastic or
canvas ground cloth and covered with clean electro-static
free plastic or canvas if the foam is to be reused. The bags
shall be either placed in a segregated storage area or
retained near the aircraft. Segregated storage areas shall be
approved by the base fire marshal and ground safety office.
Foam shall not be stored in direct sunlight, exposed to high
temperatures or high humidity.

2.9.7.2 Outdoor Storage. Short term outdoor storage of
foam is authorized for aircraft which are in fuel systems
repair areas not co-located with an approved fuel system
repair facility or segregated foam storage area. Foam shall
be protected from exposure to particulate contamination,
direct sunlight and water. Foam should either be placed in
clean electro-static free plastic, or canvas bags, or placed
on a clean electro-static free plastic or canvas ground cloth
and covered with clean electro-static free plastic or canvas.
Foam should be stored in shaded areas around or under the
aircraft.
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2.9.7.3 Foam which is not to be reused shall be stored and
disposed of in accordance with applicable environmental
regulations.

2.9.8 Severe Weather.

2.9.8.1 Field Level Maintenance. When high winds are
considered dangerous (usually 30 kts/hr or higher) or
thunderstorms/lightning are within a three nautical mile
radius of the repair site operations shall be suspended. The
Logistics Group Commander in coordination with the Base
Weather Officer will develop and set up warning proce-
dures so timely precautionary measures may be taken when
conditions warrant. When the Base Weather Officer pro-
vides notification of severe weather (usually at five (5)
miles), the Fuels Section Chief shall take action as neces-
sary to ensure operations are suspended by the time the
severe weather is within three (3) nautical miles. When
operations are suspended, access panels, filler caps and
other openings removed for maintenance shall be temporar-
ily closed. If temporary panels are used, panels will be
manufactured from non-conductive material.

2.10 MAJOR DISASSEMBLY (CONTRACTOR AND
FIELD).

Aircraft at activities for major disassembly shall have all
fuel removed from the fuel system (pumps, tanks, lines, and
other components) prior to moving the aircraft into a non-
approved facility. The aircraft shall be checked to ensure a
fire-safe condition is maintained.

2.11 CHECKLIST.

2.11.1 General Checklist for Tank Entries. Entry Permits
are issued for a specific time frame. The following check-
list is provided for use at the beginning of each shift (or
more often as deemed necessary) over which a permitted
entry task or other non-tank entry repair is performed. All
fuel tank entries must be included on AF Form 1024 or
local permit.

a. Check that an Entry Permit is issued and complied
with (Oxygen checked, LEL checked, rescue noti-
fied, etc).

b. Check aircraft safe for maintenance.

c. Check personal protective equipment available and
serviceable.

d. Check required personnel on-scene and in position.
e. Check required warning signs posted.
f. Make sure only authorized personnel are in area.

g. Turn on and check ventilation and climate control
equipment, as necessary.

h. Check communication equipment.
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i. Check fire alarm systems.

j- Turn on and check combustible gas and toxic alarm
system if applicable. Calibrate as necessary.

k. Check all support equipment properly positioned,
serviceable and bonded to the aircraft.

1. Check only authorized tools/equipment to be used
in tank.

m. Notify fire department when fuel system repair is
to begin.

n. Check that all hand tools required for fuel area
maintenance are carried in a nonmetallic container.

0. Check that maintenance is not accomplished on the
aircraft while inerting, depuddling and purging
operations are being accomplished.

p- Check that a fire-safe condition (20% LEL or
(1200 ppm) or less) is maintained (10% LEL or
(600 ppm) or less (20% (1200 ppm) for foam
removal) for tank entry). Stop purging or depud-
dling operations on aircraft when thunderstorm/
lightning is within a five-mile radius of the work
area.

g. Check that required fire extinguishers are ready for
use.

r. Check that the work area is clear of all nonap-
proved equipment.

s. Ensure that test/support equipment which is
attached to the aircraft has “Remove Before Flight”
and/or Remove Before Fueling/Defueling”
streamers attached.

t. Make sure shift supervisors or designated represen-
tative is conducting a safety inspection of repair
areas at the beginning of each shift.

2.11.2 General Checklist for Fuel Repair Area or Facility.
Each fuel systems repair area shall have a checklist, work
sheet or job guide available for use. The following check
list is provided to cover general procedures that are
required to position an aircraft in a fuel system areas and
prepare the aircraft for maintenance or tank entry. This
checklist is general in nature and is not intended to cover
peculiarities of individual aircraft or facilities. Therefore, a
specific aircraft or fuel system checklist should be used if
available.

2.11.83 Check that egress system and oxygen system
(OBOGS/MSOGS) or LOX converter is removed or made
safe prior to opening any fuel tank/cell. Make sure all
munitions are removed/downloaded.
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NOTE

Aircraft serviced with Jet fuel, requiring tank/
cell entry shall be defueled as required before
being placed in a fuel system repair area.
Defueling may be accomplished in an open
repair area.

Make sure shift supervisors or designated represen-
tative is conducting a safety inspection of repair
areas at the beginning of each shift.

Review aircraft 781 forms and brief personnel.

Check that egress system and fire bottles are made
safe and make sure all munitions are removed/
downloaded.

Check that all aircraft batteries are disconnected or
made safe in accordance with the system peculiar
technical order and tagged as required.

Check that the aircraft external power receptacles
and fuel control panel are tagged with AF Form
979 or 1492.

Check that open areas are clear and properly
identified.

Check that required fire extinguishers are ready for
use.

Check that the work area is clear of all nonap-
proved equipment.

Check that the fire department has been notified.

Check that emergency communications is
established.

Check that a fresh water supply is available for eye
wash emergency.

Check floor drains to make sure they are open and
turn on exhaust fans.

Check fuel spillage storage tank level.
Check to make sure water flush valves operate.

Make sure all support equipment used within the
fuel cell repair area is bonded to the aircraft.

Make sure that toolboxes that are mounted on
rubber wheels or mats only are brought into the
fuel cell repair area.

Check personnel for proper clothing, equipment
and removal of jewelry and spark/flame producing
devices prior to entry into the fuel system repair
area.



Make sure that personnel are checking/inspecting
their shoes for exposed tacks or metal prior to
entering a fuel system repair area.

Position the aircraft in an approved fuel systems
repair area or facility.

Check that the aircraft is properly grounded in
accordance with applicable aircraft technical
manuals.

u.
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Check that the aircraft is parked, chocked and

moored as
manuals.

per

applicable aircraft technical
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CHAPTER 3
AIRCRAFT FUEL SYSTEMS MAINTENANCE FACILITIES AND AREAS

3.1 General.

The use of segregated facilities and areas for fuel systems
repair is essential for safe and efficient fuel systems main-
tenance operations. These facilities provide a safer place to
perform fuel system repair and provide the needed climatic
conditions to ensure quality fuel systems maintenance. The
areas and facilities described in this chapter provide neces-
sary protection for both the aircraft and personnel from a
variety of hazards.

3.1.1 Permitted Operations. Fuel system maintenance

facilities are intended to support the complete range of
operations related to fuel system maintenance including
those normally restricted from being conducted inside
hangars or other structures. These normally restricted oper-
ations, which are permitted in fuel system maintenance
facilities, include but are not limited to: Partial and com-
plete defuel/refuel of aircraft; depuddling and purging of
fuel tanks; cells and components; fuel transfers within the
aircraft; and pressurization testing.

WARNING

e This chapter is not intended to be used as
design criteria for facility construction. The
requirements of this section are extracted
from referenced documents or provided by
safety and civil engineering functions. Use
of this section as a design document could
cause serious injury or mission impairment.

e Use of a facility that does not meet the
requirements of the applicable design crite-
ria could create a fire hazard risk. Permanent
waivers to fire protection requirements shall
be approved in accordance with ETL 02-1.
Temporary waivers to fire protection
requirements until corrections can be made
may be approved by the MAJCOM fire
protection engineer (or MAJCOM fire pro-
tection manager in the absence of a
MAJCOM fire protection engineer) (refer to
paragraph 3.1.2.1).

3.1.2 Approval. Facilities and areas shall be designated

and approved for fuel system maintenance use based on the
requirements of this technical order.

3.1.2.1 Facilities not meeting the requirements of this
technical order may be approved based on an approved

Wing/base corrective action plan coordinated through
Wing/base Safety. MXG/CC, LG/CC, and Civil Engineer-
ing (Fire Protection) by restricting some of the normally
permitted operations listed above and implementing other
actions until corrections can be made. The approved base
corrected action plan shall include the Risk Assessment
Code (RAC)/project code, proposed completion date, and
proposed operating procedures. In the absence of
MAJCOM policy directing otherwise, the corrected action
plan shall be forwarded to the following agencies in the
MAIJCOM: Fire Protection, Ground Safety, MXG, and LG.

3.1.2.2 Facilities may be temporarily approved for emer-
gency or minor repairs in non-approved areas (except
repairs that are performed in accordance with paragraph
2.7.10) by the MXG/CC, or LG/CC upon evaluation and
concurrence by the Fuels Section Chief, Wing Safety, Fire
Protection and Bioenvironmental. The use of temporary
facilities should only be considered after priority of the
mission and the availability of other facilities (primary fuel
systems docks/repair facilities shall be utilized first). The
use of a temporary facility shall be approved on a case-by-
case basis. Temporary facility usage shall not be considered
strictly for ease of maintenance (e.g., to prevent towing of
aircraft), but should be considered only during peak wor-
kloads and to prevent mission degradation.

3.1.3 Exceptions. Fuel systems maintenance may be
performed in any hangar on aircraft which have never been
fueled or on aircraft which have been completely fluid
purged and drained in accordance with this technical order.

3.1.4 New Facility Requirements. MIL-HDBK 1190,
MIL-HDBK 1008 (current edition) and Engineering Tech-
nical Letter 02-1 Fire Protection Engineering Criteria -
New Aircraft Hangars provide guidance for the construc-
tion of new fuel system maintenance facilities.

3.1.5 Existing/Modified Facilities Requirements. The

requirements of this technical order shall be used to evalu-
ate existing/modified fuel system maintenance facilities.
For facilities not meeting these requirements refer to para-
graph 3.1.2.1.

3.1.6 When facilities must be converted to permit fuel
system maintenance activities or major improvements to an
existing facility, improvements will be based on the
requirements of paragraph 3.1.4.
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3.1.7 Temporary Facilities. The requirements of this

technical order shall be used to evaluate existing facilities
for limited use as a fuel system maintenance facility.

3.1.8 Open  (Outside) Fuel Systems Repair
Areas. The requirements of this technical order shall be
used to evaluate outside areas for fuel system maintenance.

3.2 Fuel System Repair Facilities Requirements.

3.2.1 New Facilities. All new fuel system maintenance
facilities shall provide:

3.2.1.1 As a minimum, if not a separate structure, the fuel
system maintenance facility must be separated from all
other areas of the building by not less than a one-hour
masonry fire resistive construction.

3.2.1.2 An operational fire suppression system suitable
for aircraft hangar operations and wet pipe sprinklers in all
adjacent areas. For all aircraft provide a complete auto-
matic overhead water only sprinkler system and a low-level
high expansion foam system.

3.2.1.3 Showers:

3.2.1.3.1 Emergency eye wash fountains and emergency
personnel showers with privacy enclosure to permit com-
plete disrobing shall be provided in the aircraft servicing
area. Emergency eye wash and showers shall provide water
through a thermostatic mixing valve.

3.2.1.3.2 Changing areas, locker space, scrub sinks, and
personnel showers shall be provided for both male and
female personnel in all fuel system maintenance facilities.
Scrub sinks shall be hands free type and shall permit the
washing and rinsing of hands and arms to the shoulder.
Scrub sinks and showers shall provide water through a
thermostatic mixing valve. These areas shall be accessible
from the aircraft servicing area without passing through
break rooms or offices to prevent fuel contamination.
Where two or more fuel system maintenance facilities are
located adjacent one another changing areas, locker space
and personnel showers for the total personnel assigned all
facilities may be combined and located in one facility.
Scrub sinks shall be provide in each facility. Scrub sinks in
facilities without changing areas, locker space, and showers
may be located in the aircraft servicing area.

3.2.1.4 At least two flight line type 150 1b. HALON 1211
wheeled fire extinguishers shall be located within a 50-ft
(15.2-m) distance, one on each side of the aircraft undergo-
ing maintenance.

3.2.1.5 Forced air heating supplied by steam or hot water
heating will be provided throughout the facility. Radiant
tube heating systems may be used in the aircraft mainte-
nance area, if the flame is contained in a sealed chamber
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with combustion air taken from outside the aircraft mainte-
nance area and combustion products exhausted outside the
aircraft maintenance area.

3.2.1.6 The Bioenvironmental Engineering Flight is
responsible for evaluating industrial ventilation systems. A
system is considered effective if all personal exposures are
below respective occupational exposures limits (OELSs).
The BEF conducts personal air sampling to make this
determination.

3.2.1.6.1 Area ventilation systems are provided in new
fuel system maintenance facilities. Depending on the air-
craft being serviced addition ventilation may be required
for tank exhaust.

3.2.1.6.2 Drains and drainage trenches are not required in
new fuel system maintenance facilities. If drainage is
provided drainage trench ventilation is not required.

3.2.1.7 Climatic Control Units (CCU) are required to
provide environmentally stable air for air purging, sealant
curing and general maintenance.

3.2.1.8 Sufficient grounding points provided throughout
the facility.

3.2.1.9 Electrical systems shall be Class I Division 1,
(Zone 1) below the floor level, Class I Division 1 (Zone 1)
through out foam rooms, Class I Division 2, (Zone 2)
through-out the hangar aircraft maintenance area up to 18
inches and Class I Division 2, (Zone 2) within 5 feet of the
aircraft, and all wall mounted outlets and switches shall be
Class I, Division 1 (Zone 1). To ensure no unclassified
tools or equipment are taken into the classified area around
the aircraft, wall mounted outlets and switches are required
to be classified even though they are outside the classified
area.

3.2.1.10 Office space, break room, support equipment/
tool room, and restrooms with climate control and positive
pressure ventilation to prevent fumes and vapors from
migrating from the aircraft maintenance area. Rooms shall
also be provided for tele-communications, utility/mechani-
cal, and fire protection systems.

3.2.1.11 Shop space including foam/cell rooms to service/
repair fuels system components as required for the specific
aircraft(s) maintenance.

3.2.2 Existing Facilities. Existing structures designed,
constructed, and/or modified specifically for fuel systems
maintenance (commonly referred to as definitive docks or
modified docks) shall have the following:

NOTE

Existing general purpose and special purpose
hangars meeting or exceeding this criteria may
be converted to fuel system maintenance
applications.



3.2.2.1 As a minimum, if not a separate structure, the fuel
system maintenance facility must be separated from all
other areas of the building by not less than a one-hour
masonry fire resistive construction.

3.2.2.2 An operational fire suppression system suitable
for aircraft hangar operations and wet pipe sprinklers in all
adjacent areas. The following existing fire suppression
systems are acceptable in the aircraft servicing area:

3.2.2.2.1 A complete automatic overhead water only
sprinkler and a low-level high expansion foam system.

3.2.2.2.2 A complete automatic overhead water deluge.

3.2.2.2.3 A complete total flooding high expansion foam
system.

3.2.2.2.4 A complete automatic overhead foam-water del-
uge (for fighter aircraft only).

3.2.2.2.5 A complete automatic overhead closed-head
pre-action foam-water sprinkler systems (for fighter aircraft
only).

3.2.2.2.6 A complete automatic overhead wet pipe foam-
water sprinkler systems (for fighter aircraft only).

3.2.2.2.7 Systems 3-2.2.2.4, 3-2.2.2.5, & 3-2.2.2.6 when
combined with a low-level fixed or automatic oscillating
foam-water nozzle system or a low-level high expansion
foam system are acceptable for large frame aircraft.

3.2.2.3 Emergency eye wash fountains and personnel
showers shall be provided.

NOTE

Remotely located facilities with out a potable
water supply shall be permitted to use portable
eyewashes and showers.

3.2.2.3.1 Two ea. changing areas, locker space, scrub
sinks, and personnel showers shall be provided for both
male and female personnel in all fuel system maintenance
facilities. Scrub sinks shall be hands free type and shall
permit the washing and rinsing of hands and arms to the
shoulder. Scrub sinks and showers shall provide water
through a thermostatic mixing valve. These areas shall be
accessible from the aircraft servicing area without passing
through break rooms or offices to prevent fuel contamina-
tion. Where two or more fuel system maintenance facilities
are located adjacent one another changing areas, locker
space and personnel showers for the total personnel
assigned all facilities may be combined and located in one
facility. Scrub sinks shall be provide in each facility. Scrub
sinks in facilities without changing areas, locker space, and
showers may be located in the aircraft servicing area.

3.2.2.4 At least two flight line type 150 Ib. HALON 1211
wheeled fire extinguishers shall be located within a 50-ft
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(15.2-m) distance, one on each side of the aircraft undergo-
ing maintenance. Existing installed HALON 1211 systems
with wall mounted hose reels are acceptable alternatives to
the wheeled fire extinguishers.

3.2.2.5 Forced air heating supplied by steam or hot water
heating will be provided throughout the facility. Radiant
tube heating systems may be used in the aircraft mainte-
nance area, if the flame is contained in an sealed chamber
with combustion air taken from outside the aircraft mainte-
nance area and combustion products exhausted outside the
aircraft maintenance area.

3.2.2.6 Aircraft maintenance area, tank exhaust and venti-
lation systems required to meet current bioenvironmental
instructions for personnel safety. The Bioenvironmental
Engineering Flight is responsible for evaluating industrial
ventilation systems. A system is considered effective if all
personal exposures are below respective occupational expo-
sures limits (OELs). The BEF conducts personal air sam-
pling to make this determination. The following ventilation
systems may be found:

3.2.2.6.1 Trench ventilation systems consist of trenches in
the floor normally roughly parallel to the wing leading and/
or trailing edges. Large axial exhaust fans ventilate these
trenches. Such trenches must be connected to a fluid drain
with an oil water separator. Where such systems are present
they must be fully operational for fuel system maintenance
operations to be conducted.

3.2.2.6.2 Area ventilation systems consist of large
centrifugal exhaust fans at the exterior walls, which draw
air across the hangar floor and exhaust it outside the
hangar. Where such systems are present they must be fully
operational for fuel system maintenance operations to be
conducted.

3.2.2.6.3 Tank exhaust ventilation systems consist of per-
manently installed exhaust fans designed to be connected to
tank exhaust ducts providing discharge directly outside.

3.2.2.6.4 Trench drain ventilation systems consist of
small trenches in the floor normally across the doors or
down the sides of the hangar with some type of exhaust fan
to the outside. The trench drains themselves are required in
fuel system maintenance hangars without a fire suppression
system or with a water only deluge system. Such trenches
must be connected to a fluid drain with an oil water
separator. These exhaust fans are not required and may not
substitute for the ventilation systems in paragraph 3-
2.2.6.2. These trench drain ventilation systems may be
removed even when the trench drain is required to remain.

3.2.2.7 Climatic Control Units (CCU) required to provide
environmentally stable air for air purging, sealant curing
and general maintenance.

3.2.2.8 Sufficient grounding points provided throughout
the facility.
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3.2.2.9 Electrical systems shall meet one of the following
criteria depending upon when facility was constructed:

3.2.2.9.1 Pre 1983, Class I Division 1, (Zone 1) through
out foam cell rooms, Class I Division 1, (Zone 1) below the
floor level and through out the hangar aircraft maintenance
area to 4 foot above the floor and Class I Division 2, (Zone
2) up to 18 inches above the floor in all adjacent areas not
suitable cut off from the hangar aircraft maintenance area.

3.2.2.9.2 1983 - 1996, Class I Division 1, (Zone 1) below
the floor level, Class 1 Division 1, (Zone 1) through out
foam/cell rooms, Class I Division 2 (Zone 2), through out
the hangar aircraft maintenance area up to the height of the
hangar door and Class I Division 2 (Zone 2), up to 18
inches above the floor in all adjacent areas not suitably cut
off from the hangar aircraft maintenance area.

3.2.2.9.3 1996 - Present, Class I Division 1, (Zone 1)
below the floor level, Class I Division 1 (Zone 1) through
out foam/cell rooms, Class I Division 2, (Zone 2) through-
out the hangar aircraft maintenance area up to 18 inches
and Class I Division 2, (Zone 2) within 5 feet of the
aircraft, and all wall mounted outlets and switches shall be
Class I, Division 1 (Zone 1). Wall mounted outlets and
switches are required to classified even though they area
outside the classified area to ensure no unclassified tools or
equipment are taken into the classified area around the
aircraft.

3.2.2.10 Office space, break room, support equipment/
tool room, and restrooms with climate control and positive
pressure ventilation to prevent fumes and vapors from
migrating from the aircraft maintenance area. Rooms shall
also be provided for telecommunications, utility/mechani-
cal, and fire protection systems.

3.2.2.11 Shop space including foam rooms to service/
repair fuels system components as required for the specific
aircraft(s) maintenance.

3.2.3 Temporary Repair Facilities Requirements.

3.2.3.1 All aircraft fuel tanks (to be worked) shall be
defueled and initially drained prior to entry into facility.
Additional draining shall be accomplished using approved
drain containers methods. Temporary facility doors shall
remain open during tank purging and depuddling opera-
tions until an entry safe condition is reached and
maintained.

3.2.3.2 Only equipment approved for fuel systems main-
tenance will be used in temporary facilities.

3.2.3.3 Personnel shall have access to:

3.2.3.3.1 Emergency eye wash fountains and personnel
showers shall be provided.
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NOTE

Remotely located facilities with out a potable
water supply shall be permitted to use portable
eyewashes and showers.

3.2.3.3.2 Access to changing areas, locker space, scrub
sinks, and personnel showers shall be provided for both
male and female personnel.

3.2.3.4 Purge exhaust ducts shall be positioned outside
the facility doors, and positioned to prevent fuel fumes
from traveling back into the facility. These ducts will be
marked off an additional 50 foot radius from the end of the
duct.

3.2.3.5 All safety requirements outlined in section III of
this Technical Order shall be met prior to using a tempo-
rary facility.

3.2.3.6 At least two flightline type 150 1b. HALON 1211
wheeled fire extinguishers shall be located within a 50-ft
(15.2-m) distance, one on each side of the aircraft undergo-
ing maintenance. Additional extinguishers shall be pro-
vided as required by the base fire Marshall.

3.2.3.7 Any adjoining offices shall be isolated or evacu-
ated during fuel systems maintenance to prevent unautho-
rized entry and endangerment of personnel not associated
with the on-going fuel systems maintenance. Controlled
entry into the area is paramount.

3.2.3.8 Fuel transfer, defuel or refuel operations shall not
be accomplished in a temporary facility.

3.3 Open (Outside) Fuel System Repair Area
Requirements.

3.3.1 An open fuel system repair area is any area that has
been approved by the MXG/CC, or LG/CC with coordina-
tion from the Fuel Systems Element Chief, Wing Safety,
Bioenvironmental, Fire Protection, and the Airfield Man-
ager to perform aircraft fuel systems repairs in an open/
outside area.

3.3.1.1 The area shall be marked off in accordance with
chapter 2 of this manual. An additional 50-feet may be
required if exhaust purge is used (refer to paragraph
2.7.7.4) See Figure 3.1.

3.3.1.2 The fuel systems work accomplished in an outside
area is highly dependent upon weather conditions and
available authorized portable equipment. All portable elec-
trical equipment and connections used in hazardous areas
shall meet the requirements of the NEC for Class 1,
hazardous locations.

3.3.1.3 Personnel will have access to:



3.3.1.3.1 Emergency eye wash fountains and personnel
showers shall be provided.

NOTE

Remotely located facilities with out a potable
water supply shall be permitted to use portable
eyewashes and showers.

3.3.1.3.2 Access to changing areas, locker space, scrub
sinks, and personnel showers shall be provided for both
male and female personnel.

3.3.1.4 At least two flight line type 150 1b. HALON 1211
wheeled fire extinguishers shall be located within a 50-ft
(15.2-m) distance, one on each side of the aircraft undergo-
ing maintenance. Additional extinguishers shall be pro-
vided as required by the base fire Marshall.

3.3.1.5 Adjacent aircraft shall not be allowed to operate
under their own power within 100 feet of the repair area
(refer to paragraph 2.7.9). They shall also be limited from
operations where jet blasts or noise factors could affect
safety as outlined in chapter 2 of this T.O. and the
applicable aircraft systems technical orders.

3.4 Operations.

3.4.1 Fuel systems repair facilities and areas shall: be kept
clean, maintained in good repair, and be off limits to non-
essential personnel. The areas and facilities shall be
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inspected at the start of each shift and more often as
deemed necessary to ensure safe working conditions are
maintained. Due to the non-standard equipment installed in
some facilities, the Fuels Section Chief shall ensure operat-
ing, inspection, and maintenance instructions are available
and followed for equipment installed in facilities.

3.4.2 The storage of materials or non-fuel system equip-
ment in the maintenance area increases the risk of fire and
unnecessarily complicates fire-fighting operations. Materi-
als should be stored in equipment or tool rooms. Equipment
not used for fuel system maintenance will not routinely be
stored in the maintenance area. Should local conditions
necessitate the use of the maintenance area for equipment
storage.

3.4.2.1 Fire Department, Ground Safety, and the Fuels
Section Chief will concur to the storage.

3.4.2.2 All batteries will be disconnected and terminals
tagged. No batteries shall be connected or disconnected
during periods of open-tank maintenance. Keys will be
secured in the Element Chiefs office.

3.4.2.3 Sufficient space will remain around the aircraft to
permit egress and eliminate hazards.

3.4.2.4 Equipment will not be parked within 5 foot of the
shadow of the aircraft or within a 10-foot radius of fuel
vents or tank openings.
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EXHAUST PURGE METHOD SHOWN, ONLY EXHAUST
PURGE REQUIRES ADDITIONAL 50 FOOT RADIUS
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Figure 3-1. Exaust or Blow Purge Open Area Typical

3-6



T.O0. 1-1-3

CHAPTER 4
FUEL LEAK EVALUATION, CLASSIFICATION, DOCUMENTATION AND
TEMPORARY REPAIRS

4.1 Purpose.

This chapter provides information on evaluating, classify-
ing, documenting, applying temporary repairs, and remov-
ing temporary repairs to fuel leaks occurring in integral
tanks.

4.2 General.

4.2.1 Fuel leaks should only be repaired when the leak
threatens the airworthiness of the aircraft. Applying tempo-
rary repairs to leaks to maintain the cosmetic appearance of
an aircraft is not necessary and may prove to be a labor
intensive operation. As a general rule when fuel develops a
leak path the fuel will travel the path of least resistance to
the exterior of the aircraft. When a temporary repair is
accomplished the leak path can continue to the next avail-
able exit point, at which point another temporary repair is
usually accomplished. If this pattern is noted the only way
to stop the leak is to apply a repair to the leak source
(permanent repair).

4.2.2 Proper fuel leak evaluation and classification is
necessary to determine if an aircraft is air worthy. This is
accomplished by locating the leak exit point (evaluation)
and monitoring the rate at which fuel is leaking from the
cell or tank (classification). Possible sources for leaks are
tanks, cells, ferry tanks, fuel lines, and accessories. For
leakage limits and repair or replacement procedures for
external tanks, ferry tanks, fuel lines and accessories refer
to the system or commodity technical order. Methods
approved to locate leak exit points are: talcum powder,
pressure test and gas detection method. The talcum powder
method has proven to be the quickest and most cost
effective method for detecting leaks. The other methods are
normally used when permanent repairs are required and are
discussed in Chapter 6.

4.2.3 In general higher flashpoint fuels (JP-5 or JP-8) are
more prone to exhibit signs of leakage. The tendency to
drip becomes more pronounced at lower temperatures. For
leak hazard purposes civil airline Jet A and Jet A-1 are
considered equivalent to JP-8 and civil airline fuel Jet B is
equivalent to JP-4.

4.3 Causes of Fuel Leaks.

Fuel leaks are caused by a variety of different reasons, all
of which cause considerable expenditure of resources to
correct and impact the mission capability of the aircraft.
Common causes for leaks are material deficiencies, struc-
tural cracks, corrosion, improper manufacturing and main-
tenance procedures.

4.4 Locating Leak Exit Points.

4.4.1 Red Talcum Powder Method. After a leak has

been detected and before the tank has been defueled the red
talcum powder method may be used to localize a leak exit
point.

4.4.1.1 Materials needed: Clean, static-free absorbent
wiping cloths, marking pencil and either red leak detection
talcum powder and thick bristled animal hair (example:
camel or goat) brush or red aerosol leak detection talcum
powder.

4.4.1.2 Procedures.

a. Strip exterior sealants from seams in suspected leak
areas.

b. Blow out all seams and corners with compressed
air (30 psi maximum) and wipe area dry. Change
cloths as often as necessary to ensure area is
completely dry.

c. Dust area with leak detection talcum powder
immediately.

d. Observe dusted area in order to locate leak point.
The powder which contacts fuel will turn bright
red. Mark leak point with marking pencil. Continue
observing and mark additional leak points.

e. Wipe remaining talcum powder, being careful not
to remove leak point marks.

f. Continue leak path analysis.

4-1
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Table 4-1. Leak Classification Table - Integral Fuel Tanks
SIX MINUTE LEAK LIMITS LOCATION - CONDITION/ACTION
BY FUEL TYPE
ELECTRI-
INTER- CAL CON-
LEAK NAL INTERNAL DUIT/
CATEGO- EXTER- NON-VENT- | EXTERNAL
RY AVGAS JP-4 JP-5/JP-8 NAL VENTED ED MOUNTED
COMPO-
NENTS
Class “A” Oto1/4inch | Oto 1/4 0to 1/4 1 1 1 (2 places) 4
Slow Seep inch inch
Class “B” greater than greater greater 1 2 (2 places 3
Seep 1/4 to 3/4 than 1/4 to | than 1/4 to max) 4
inch 3/4 inch 3/4 inch
Class “C” greater than greater greater 2 3 3 4
Heavy Seep | 3/4 to 2 in- than 3/4 to | than 3/4 to
ches without [ 6 inches 8 inches
dripping without and/ or
dripping less than 4
drops min-
ute
Class “D” greater than 2 | greater greater 3 3 3 4
Running inches or than 6 in- than 8 in-
Leak drips or runs ches or ches or 4
from surface | drips or drops/min-
runs from ute
surface

4.5 Integral Tank Leak Classification.

4.5.1 Each leak shall be thoroughly evaluated and the
surrounding area investigated prior to classification. Wipe
the area dry using a clean, static free absorbent cloth.
Forced air (not to exceed 30 psi) may be used to assist
drying process. Allow six minutes for leak to develop. The
size of the wetted area around the leak exit point is an
accurate method to classify fuel leakage. Leak detection
powder may be applied to assist in classifying leaks.

4.5.2 Table 4-1 and the following shall be used for
integral fuel tank leak classification:

4.5.2.1 Leak Categories. Leak categories are denoted as
Class A through D. Surface irregularities may localize fuel
and result in dripping even though leak is a seep or heavy
seep. In such cases, judgment must be used in relating the
speed with which fuel reappears and spreads after wiping to
determine category of leak. When in doubt classify leak to
higher leak category for repair determination.

4.5.2.2 Leak Limits. leak limits are provided for the most
common Air Force aviation fuels. Mixtures of JP-4 with
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JP-5 and/or JP-8 shall be classified using the criteria for JP-
4.

4.5.2.3 Location. Leak location is used to determine
which condition/action is required.

a. External - Those areas exposed to air or airflow
when flying, such as upper or lower wing surfaces
and exposed fuselage surfaces. Areas that are not
considered external are those surfaces exposed to
airflow only when extended, such as flaps, slats
etc.

b. Internal Vented - Those areas that are ventilated
while flying or while the aircraft is on the ground.
Examples are front and rear spars or dry bays that
are drained and ventilated to the atmosphere.

c. Internal Non-Vented - Those areas that are nor-
mally adjacent to fuel tanks or fuel lines and have
no means of air circulation even though they may
be drained (e.g., weep holes).

d. Electrical Conduit - Conduits which route electrical
wiring through fuel tanks to any components.



e. External Mounted Components.
mounted outside a tank.

Components

4.5.2.4 Condition/Action: The following conditions/
actions are minimum requirements. Leaks, however, may
always be repaired back to a no leak condition.

a. Condition 1 - Document the leak and periodically
inspect for growth to condition 2 or 3. No repair is
necessary, may be repaired when tank is opened for
inspection or repair.

b. Condition 2 - Document and periodically inspect
for growth to condition 3. No repair is required.
Schedule repair when aircraft is down for mainte-
nance, when tank is opened for inspection or
repair, or in accordance with appropriate aircraft
technical order.

c. Condition 3 - Document and repair to no leakage or
back to condition 1 or 2 in accordance with the
appropriate technical order. If leak cannot be
repaired back to a condition 1 or 2 the aircraft shall
be grounded until leaks are repaired.

d. Condition 4 - Do not repair by applying sealants
externally or by using other temporary repair pro-
cedures. Correct discrepancy by repairing or
replacing affected component. Aircraft shall be
grounded until repair is complete.

4.5.3 Integral tank leaks shall be repaired using either the

temporary repair methods (paragraph 4.8.) or by applying
permanent repairs in accordance with Chapter 6.

4.6 Fuel Cell Leak Evaluation.

4.6.1 Any leakage from the cavity drain shall be investi-
gated. Aircraft with fuel leaks from fuel cell cavities to
adjoining dry bay(s) shall be documented and the aircraft
grounded until the leak source is determined and repair
action accomplished. Fuel cells shall be repaired or
replaced in accordance with Chapter 7.

4.7 Documentation.

4.7.1 Any integral fuel tank leak shall be annotated on the
AFTO Form 781A or 781K (manual or automated). All
leaks will also be annotated in the AFTO Form 427 or 428.
After a permanent repair is accomplished the AFTO Form
427 or 428 shall be maintained for a historical record. After
permanent repairs are accomplished clear the entry on
AFTO Form 781. Aircraft historical documents shall be
consulted when fuel systems maintenance is to be per-
formed. Documents shall accompany aircraft to depot or
contractor repair or when the aircraft is transferred. Leaks
and repairs shall be entered in maintenance data collection
systems, e.g., CAMS, as required.
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4.8 Integral Tank Temporary Repairs.

4.8.1 Temporary repairs are used to downgrade leak clas-
sifications to a flyable condition until such time permanent
repairs can be accomplished. Temporary repairs should be
replaced with permanent repairs when the aircraft is
grounded and the tanks are opened for inspection or other
maintenance. Temporary repairs are applied to the leak exit
point and usually do not require tank entry. If a particular
method of temporary repair repeatedly fails for a particular
leak a permanent repair shall be accomplished. Suspected
loose fasteners will be permanently repaired by replacing
fasteners at the earliest possible date. Any leak at an
interference fit fastener will be treated as a loose fastener
and replaced at the earliest possible date, to ensure wing
structural integrity. Temporary repairs accomplished during
depot or contractor programmed depot maintenance (PDM)
repair shall be removed and permanent repairs accom-
plished prior to release of aircraft to the using organization.
Temporary repairs accomplished during delivery prepara-
tion phase of PDM shall be allowed to remain provided the
repairs do not exceed one per tank.

4.8.2 The repairs of this chapter shall not be used to mask,
or repair leaks caused by, structural damage, corrosion or
component failure.

4.8.3 Approved methods of temporary repair, in order of
preference, are:

4.8.3.1 Hardman extra-fast setting epoxy with aluminum
foil patch (paragraph 4.8.4.).

4.8.3.2 Aluminum foil patch bonded with sealant (para-
graph 4.8.5.).

4.8.3.3 Epoxy tabs (paragraph 4.8.6.).
4.8.3.4 Click patch (paragraph 4.8.7.).

4.8.3.5 Sealant without aluminum foil patch (paragraph
4.8.8.).

4.8.3.6 Hardman extra-fast setting epoxy without alumi-
num foil patch (paragraph 4.8.9.).

4.8.3.7 Comp Air D-236 injector kit (paragraph 4.8.10.).
4.8.3.8 Opylite Stik (paragraph 4.8.11.)

4.8.4 Hardman Extra-Fast Setting Epoxy with Aluminum
Foil Patch.

4.8.4.1 Repair limitations/information:
a. Temperature limits -- +40°F to +120°F.

b. Curing times -- 40 minutes @ + 40°F, 15 minutes
@ +120°F.

c. Humidity -- No effect.
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d. Adhesion -- Epoxy adheres better to coating than to
bare aluminum, therefore, do not remove coating.

e. Accelerated Cure: Heat will cause the epoxy to
become brittle, therefore do not use heating devices
to accelerate cure time.

f. Fuel Load -- The aircraft does not need to be
defueled for this procedure.

4.8.4.2 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter 8),
clean, static-free absorbent wiping cloths, Hardman Extra-
fast Setting epoxy, aluminum foil patch (0.002 inch thick).

4.8.4.3 Application procedure.

a. Cut a patch from the foil that will extend 1/4-inch
beyond the fastener.

b. Clean the surface of the patch to which adhesive
will be applied and area around fastener with
solvent.

c. Mix epoxy in accordance with manufacturer’s
instructions. Coat cleaned side of patch with 0.015
to 0.020 inch epoxy.

d. Press patch in place over fastener head.
4.8.4.4 Removal.

a. Using a heat gun, heat patch to 200°F to 250°F.
Temperatures below 200°F will not soften epoxy.
Temperatures above 250°F will damage aircraft
paint system.

b. While patch is hot use a plastic scraper to pry up
part of patch. Continue to apply heat and use
needle-nose pliers to remove patch.

c. Reheat area and use plastic scraper to remove
remaining epoxy.

4.8.5 Aluminum Foil Patch Bonded with Sealant.

4.8.5.1 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter 8),
clean, static-free absorbent wiping cloths, sealant (MIL-S-
8802, Class B or MIL-S-83430, Class B), aluminum foil
patch (0.002 inch thick) and heat gun.

4.8.5.2 Repair limitations/information:

a. Temperature limits -- None, when heating device
from kit are used.

b. Curing times -- 40 minutes @ + 140°F (tempera-
ture of heating device in repair kit).

c. Humidity -- Refer to tack free times (Table 6-2) for
effect of humidity on cure times.
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d. Adhesion -- At low temperatures (50°F and below),
better results are obtained if area around fastener is
preheated for a few minutes.

e. Accelerated Cure: Not applicable.

f. Fuel Load -- For best results the aircraft should be
defueled below the leak exit point.

4.8.5.3 Application procedure.

a. Cut a patch from the foil that will extend 1/4-inch
beyond the fastener.

b. Clean the surface of the patch to which adhesive
will be applied and area around fastener with
solvent.

c. Coat cleaned side of patch with 0.015 to 0.020 inch
sealant.

d. Press patch in place over fastener head.

e. Using heating device apply heat to patch for
approximately 30 minutes.

4.8.5.4 Removal.

a. Cut sealant under edge of patch with a plastic
scraper.

b. Pull patch back and continue cutting until sealant
and patch are removed.

4.8.6 Epoxy Tabs or Putty.

4.8.6.1 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter 8),
clean, static-free absorbent wiping cloths, epoxy putty or
epoxy tab Type-O.

4.8.6.2 Repair limitations/information:
a. Temperature limits - None.
b. Curing times -- Approximately two minutes.
¢. Humidity -- No limitations.
d. Adhesion -- Scuff sanding may help adhesion.
e. Accelerated Cure: Not applicable.

f. Fuel Load -- The aircraft does not need to be
defueled for this procedure.

4.8.6.3 Application procedure.
a. Clean the area around fastener with solvent.

b. Mix epoxy manufacturer’s

instructions.

according  to



c. Apply ample amount epoxy over fastener. Feather
edges to approximately 1/4-inch beyond edge of
fastener. Remove excess epoxy.

4.8.6.4 Removal.
a. Place a plastic scraper at edge of repair.

b. Tap scraper with rubber mallet until repair pops
off.

4.8.7 Click Patch.

4.8.7.1 Materials required: Click patch Kkit.
4.8.7.2 Repair limitations/information:

a. Temperature limits -- Refer to information for type
of adhesive used.

b. Curing times -- Refer to information for type of
adhesive used.

c. Humidity -- Refer to information for type of adhe-
sive used.

d. Adhesion -- Refer to information for type of adhe-
sive used.

e. Accelerated Cure-- Refer to information for type of
adhesive used.

f. Fuel Load -- The aircraft does not need to be
defueled for this procedure.

4.8.7.3 Application procedure. Use contents of kit in
accordance with manufacturer’s instructions.

4.8.7.4 Removal.
a. For sealant adhesive type patches:

(1) Cut sealant under edge of patch with a plastic
scraper.

(2) Pull patch back and continue cutting until seal-
ant and patch are removed.

b. For epoxy adhesive type patches:

(1) Using a heat gun, heat patch to 200°F to 250°F.
Temperatures below 200°F will not soften
epoxy. Temperatures above 250°F will damage
aircraft paint system.

(2) While patch is hot use a plastic scraper to pry up
part of patch. Continue to apply heat and use
needle-nose pliers to remove patch.

(3) Reheat area and use plastic scraper to remove
remaining epoxy.

4.8.8 Sealant Without Aluminum Foil Patch.
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4.8.8.1 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter §),
clean, static-free absorbent wiping cloths, sealant (MIL-S-
8802, Class B, or MIL-S-83430, Class B), and heat gun.

4.8.8.2 Repair limitations/information:

a. Temperature limits -- None, when heating device
from kit are used.

b. Curing times -- 40 minutes @ + 140°F (tempera-
ture of heating device in repair kit).

c. Humidity -- Refer to tack free times (Table 6-2) for
effect of humidity on cure times.

d. Adhesion -- At low temperatures (50°F and below),
better results are obtained if area around leak exit
point is preheated for a few minutes.

e. Accelerated Cure: Not applicable.

f. Fuel Load -- For best results the aircraft should be
defueled below the leak exit point.

g. Other Limits -- This method should only be used
on non-pressurized fuel tank surfaces.

4.8.8.3 Application procedure.
a. Clean the surface of which sealant will be applied.
b. Apply a thin coat of sealant to leak exit point.

c. Using heating device apply heat for approximately
30 minutes.

4.8.8.4 Removal. Cut sealant off with a plastic scraper.

4.8.9 Hardman Extra-Fast Setting Epoxy Without
Aluminum Foil Patch.

4.8.9.1 Repair limitations/information:
a. Temperature limits -- +40°F to +120°F.

b. Curing times -- 40 minutes @ + 40°F, 15 minutes
@ +120°F.

c. Humidity -- No effect.

d. Adhesion -- Epoxy adheres better to coating than to
bare aluminum, therefore, do not remove coating.

e. Accelerated Cure: Heat will cause the epoxy to
become brittle, therefore do not use heating devices
to accelerate cure time.

f. Fuel Load -- For best result defuel aircraft below
leak exit point.

g. Other Limits -- This method should only be used
on non-pressurized fuel tank surfaces.

4-5



T.O0. 1-1-3

4.8.9.2 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter 8§),
clean, static-free absorbent wiping cloths, Hardman Extra-
fast Setting epoxy.

4.8.9.3 Application procedure.

a. Clean the area to which adhesive will be applied
with solvent.

b. Mix epoxy in accordance with manufacturer’s
instructions.

c. Apply a thin coat of epoxy to leak exit point.
4.8.9.4 Removal.

a. Using a heat gun, heat epoxy to 200°F to 250°F.
Temperatures below 200°F will not soften epoxy.
Temperatures above 250°F will damage aircraft
paint system.

b. While epoxy is hot use a plastic scraper to remove
epoxy.

4.8.10 Comp Air D236 Injector Kit. The injector forces
sealant into the leaks at 900 psi.

4.8.10.1 Repair limitations/information:
a. Temperature limits -- None.
b. Curing times -- Five to 10 minutes @ 150°F.
¢. Humidity -- Humidity does not effect cure time.

d. Adhesion -- Paint must be removed from around
leaking fastener.

e. Accelerated Cure -- Not applicable.

f. Fuel Load -- The aircraft does not need to be
defueled for this procedure.

g. Other Limits -- For use on leaks around flush type
fasteners.

4.8.10.2 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter 8),
clean, static-free absorbent wiping clothes, Comp Air D236
Injector Kit, sealant (MIL-S-22437), aluminum foil tape.

4.8.10.3 Application procedure.
a. For leaks on lower wing surfaces:

(1) Preheat D236-14 heating iron to 150°F maxi-
mum. Remove paint from around fastener and
clean with solvent.

(2) Position locator D236-12-2 overhead of fastener
and attach with suction cups.
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(3) Attach D236-11 cylinder and D236-10 jack. Use
extensions as necessary.

(4) Align complete assembly to be perpendicular to
surface.

(5) Attached compressed air source to cylinder.
(6) Fill injector with sealant.
(7) Place injector through locator.

(8) Manually extend jack to force cylinder rod to
retract into cylinder approximately three inches.

(9) Observe injector head. When all sealant has
been injected the sleeve will line up with edge
of body.

(10) Remove injector, wipe surface with cloth damp-
ened with solvent.

(11) Apply aluminum foil tape, approximately one
inch square, over fastener head.

(12) Hold heating iron firmly against tape for 5 to 10
minutes to cure sealant.

(13) Peel tape off.

b. For leaks on upper wing surfaces. Preheat D236-14

4.8.10.4

heating iron to 150°F maximum. Remove paint
from around fastener and clean with solvent.

(1) Place correct foot assembly over leak.
(2) Position locator D236-12-3.

(3) Fill foot with sealant.

(4) Install plunger in foot assembly.

(5) Press down on plunger to inject sealant.

(6) Remove injector, wipe surface with cloth damp-
ened with solvent.

(7) Apply aluminum foil tape, approximately one
inch square, over fastener head.

(8) Hold heating iron firmly against tape for 5 to 10
minutes to cure sealant.

Removal. Remove when final repairs are

accomplished.

4.8.11 Oyltite Stik.

4.8.11.1 Repair limitations/information:

a.

b.

Temperature limits -- None.

Curing times -- Immediate.



Humidity -- Humidity does not effect cure time.
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4.8.11.3 Application procedure.

Adhesion -- Not applicable. a. Clean area with solvent.

Accelerated Cure: Not applicable. b. Soften Oyltite Stik by dipping open end in solvent.
Fuel Load -- The aircraft does not need to be c. Firmly apply Oyltite Stik to fastener head. Repeat
defueled for this procedure. as necessary.

Additional Limitations. For use on leaking fasten- d. Remove excess material.

ers. May require touch-up paint after application.

4.8.11.4 Removal.

Remove when permanent repairs are

4.8.11.2 Materials required: Solvent (four part cleaner
(MIL-C-38736), MEK or other solvent listed in Chapter 8),
clean, static-free absorbent wiping cloths, Oyltite Stik.

accomplished.
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CHAPTER 5
PREPARATION FOR MAINTENANCE

5.1 PURPOSE.

WARNING

Aircraft purging, depuddling and inerting
require that extreme precautions be taken to
prevent fire, explosions or health hazards. Strict
compliance with the safety and health require-
ments, instructions and checklist in Chapter 2
of this manual are mandatory.

This chapter provides instructions for preparing aircraft
fuel tanks for maintenance and/or inspection.

5.2 GENERAL.

5.2.1 Descriptions and procedures for purging, depud-
dling, and inerting of aircraft fuel cells/tanks, with or
without explosion suppression foam materials and the
equipment/materials required to accomplish these tasks are
described. Purging and depuddling may be accomplished in
any Category III facility or fuel system maintenance area.
Aircraft fueling/defueling, and mooring, shall be accom-
plished in accordance the applicable aircraft manual. Elec-
trical, egress, armament and other systems shall be made
safe in accordance with Chapter 2 of this manual, the
applicable aircraft manuals, and other general series manu-
als. Grounding and bonding shall be in accordance with
Chapter 2.

5.2.2 Aircraft, serviced with AVGAS or JP-4, requiring
defueling, should be defueled prior to being towed into any
fuel system repair facility. Fuel may be transferred between
internal tanks to facilitate maintenance requirements;
drained, depuddled or air purged when the aircraft is in
open fuel system repair areas or Category III facilities.

5.3 PURGING METHODS.

5.3.1 General.

5.3.1.1 Purging is used to remove volatile fuel vapors
from a cell/tank and reduce the LEL while maintaining an
acceptable percentage of oxygen in the tank. The two
approved methods for purging are fluid purge and air
purge. Aircraft which use JP-5 or JP-8 may not, under
certain circumstances, require purging and can have the
LEL maintained at acceptable levels by ventilating the
tank. Purging to an entry-safe condition (10% LEL or (600
ppm) (20% LEL or (1200 ppm) for foam removal) or less)
shall be attained prior to performing in-tank maintenance or
inspections. If entry is not required the tank need only be

purged to maintain a fire-safe condition (20 percent LEL).
Tanks shall be continuously purged or ventilated during all
entries unless the tank can be maintained below 10% LEL
or (600 ppm) without any ventilation.

5.3.1.2 Fluid Purge. Fluid purge is flushing a fuel system
with a fluid to remove flammable fuels which remain after
defueling. Purging fluid MIL-F-38299 or jet fuel JP-5 or
JP-8 may be used. All purge fluids shall maintain a
minimum 120°F flashpoint. Aircraft serviced with JP-8
may require a fluid purge, with one of the other approved
purge fluids, or an air purge if the proper flashpoint can not
be achieved/maintained. Typically if the temperature is
above 75°F and the flashpoint of the JP-8 is 100°F the LEL
may not remain below 20 percent at standard atmospheric
pressures. When fluid purging it is not necessary to open
access doors or other fittings. Continuous mechanical venti-
lation is required during all entries.

5.3.1.3 Air Purge. Air purge is the process of supplying
fresh air to or exhausting air from a fuel tank to reduce fuel
vapors concentration. Three approved types of air purge are
combination, blow, and exhaust purge. The preferred
method of air purge is a combination exhaust and blow
purge. Exhaust purge is the process of exhausting the tank
air (to a safe area) and pulling fresh air into the tank. Blow
purge is the circulating (blowing) of fresh air into a tank.
Air purge may be accomplished with installed and/or
portable equipment. Air purge shall be continuous during
all entries.

5.3.1.4 Ventilation. Ventilation is the process of supply-
ing fresh air to or exhausting air from a fuel tank once a
tank is considered acceptably purged.

5.4 AIR PURGE PROCEDURES.

NOTE

Combination exhaust and blow is the preferred
method for air purge operations. A closed
purge system will improve the aircraft purge
process. To obtain a closed purge system the
fabrication of a local manufactured adapter
plate is required. Unit shall follow established
local manufacture procedures.

5.4.1 Combination Exhaust and Blow Purge Procedures.

5.4.1.1 Equipment and Materials Required. Equipment to
defuel aircraft, safety streamers, air movers, air ducts, air
compressor, safety containers, bowsers, combustible vapor
meter.
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5.4.1.2 Procedures.

5-2

a.

C.

Defuel aircraft in accordance with applicable
manual.

Opens sumps and drains. Drain fuel into an
approved safety container.

WARNING

The LEL of a tank that contained JP-8 may not
remain under 20 percent if the ambient temper-
ature exceeds 75°F at standard atmospheric
pressures. If it is expected the temperature will
exceed 75°F the tank should be purged with
another fluid or air purged.

For open areas place the blower or HDU-13/M
heater convenient to the aircraft. Blower or heater
shall be bonded in accordance with Chapter 2.

Attach blow purge ducts to the inlet side of the
blower and extend to the aircraft.

Bond the ducts to the aircraft. Bonding wire may
be at the end or at the first section from the end.

CAUTION

To prevent damage to the aircraft make sure all
vents and filler caps are open before starting
blower.

f. Start the air mover and blower prior to opening fuel

tank access doors.

Remove access doors or panels. Ensure at least one
access door or panel is removed in addition to the
opening where the exhaust duct will be placed.
Take care to prevent damage to doors, panels and
aircraft. Tilt the door inward to avoid fuel spillage.

WARNING

To prevent possibility of fire or explosion, the

blower must be turned on prior to connecting

air ducts to the aircraft. If power fails, immedi-
ately remove the air duct from the aircraft and
move the air duct and blower to an area free
from fuel fumes. Failure to comply with this

procedure could result in injury or death to
personnel and damage to or destruction of the

aircraft.

Install exhaust and blow ducts in opening. Refer to
Figure 5-1 for typical duct routing.

Purge for 30 minutes. If needed, after 15 minutes,
move the duct to a different position to complete
the purge.

Remove exhaust duct from opening. Do not turn
blower off until purge procedure is complete.

Check oxygen level in tank. If oxygen level is not
between 19 and 23.5 percent repeat purge
procedure.

Check lower explosive limit. If LEL is not below
20 percent repeat purge procedure for 15 minutes.
If the tank is to be entered repeat the purge
procedure until an entry safe LEL and oxygen level
is attained. If aircraft was fueled with JP-5 or JP-8
check oxygen level and LEL. If oxygen level is
between 19.5 and 23.5 percent, check LEL. If LEL
is less than 20 percent the aircraft is fire safe. If
LEL is less than 10 percent the aircraft is entry
safe.

Depuddle tanks as necessary. Maintain air purge
and comply with all requirements of the entry
permit during entry.

For hangared non-foamed aircraft the LEL shall be
checked every four hours or more often as deemed
necessary to assure a fire safe condition is main-
tained. Normally a LEL check will be made at the
beginning of each shift. When working in a foam
equipped aircraft the LEL shall be checked using a
continuous monitoring combustible meter or
checked every two minutes using a non-continuous
meter. Readings will be taken at the entry point and
progressively to the furthest point at which mainte-
nance operations extend inside the tank. After all
foam is removed the tank should be considered a
non-foamed tank.

5.4.2 Exhaust Purge Procedures.

5.4.2.1 Equipment and Materials Required. Equipment to
defuel aircraft, safety streamers, air movers, air ducts, air
compressor, safety containers, bowsers, combustible vapor

meter.

5.4.2.2 Procedures.

a.

Defuel aircraft in accordance with applicable
manual.

Opens sumps and drains. Drain fuel into an
approved safety container.



C.

WARNING

The LEL of a tank that contained JP-8 may not
remain under 20 percent if the ambient temper-
ature exceeds 75°F at standard atmospheric
pressures. If it is expected the temperature will
exceed 75°F the tank should be purged with
another fluid or air purged.

For open areas place the blower or HDU-13/M
heater convenient to the aircraft. Blower or heater
shall be bonded accordance with Chapter 2.

Attach exhaust purge ducts to the inlet side of the
blower and extend to the aircraft.

Bond the ducts to the aircraft. Bonding wire may
be at the end or at the first section from the end.

CAUTION

If necessary, to prevent damage to the aircraft,
make sure all vents and filler caps are open
before starting blower.

f. Start the air mover and blower prior to opening fuel

tank access doors.

Remove access doors, or panels. Take care to
prevent damage to doors, panels and aircraft. Tilt
door inward to prevent fuel spillage. Perform an
IPI prior to closing/securing any fuel tank access
door, ref: AFI 21-101 and T.O. 00-20-5.

WARNING

To prevent possibility of fire or explosion, the
blower must be turned on prior to connecting
air ducts to the aircraft. If power fails, immedi-
ately remove the air duct from the aircraft and
move the air duct and blower to an area free
from fuel vapors. Failure to comply with this
procedure could result in injury or death to
personnel and damage to or destruction of the
aircraft.

Install exhaust duct in opening.

Purge for 30 minutes. If needed, after 15 minutes,
move the duct to a different position to complete
the purge.

Remove exhaust duct from opening. Do not turn
blower off until purge procedure is complete.

5.4.3
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Check oxygen level in tank. If oxygen level is not
between 19.5 and 23.5 percent repeat purge
procedure.

Check lower explosive limit. If LEL is not below
20 percent repeat purge procedure for 15 minutes.
If the tank is to be entered repeat the purge
procedure until an entry safe LEL and oxygen level
is attained. If aircraft was fueled with JP-5 or JP-8
check oxygen level and LEL. If oxygen level is
between 19.5 and 23.5 percent, check LEL. If LEL
is less than 20 percent the aircraft is fire safe. If
LEL is less than 10 percent the aircraft is entry
safe.

Depuddle tanks as necessary. Maintain air purge
and comply with all requirements of the entry
permit during entry.

For hangared non foamed aircraft the LEL shall be
checked every four hours or more often as deemed
necessary to assure a fire safe condition is main-
tained. Normally a LEL check will be made at the
beginning of each shift. When working in a foam
equipped aircraft the LEL shall be checked using a
continuous monitoring combustible meter or
checked every two minutes using a non-continuous
meter. Readings will be taken at the entry point and
progressively to the furthest point at which mainte-
nance operations extend inside the tank. After all
foam is removed the tank should be considered a
non-foamed tank.

Blow Purge Procedures.

.1 Equipment and Materials Required. Equipment to

defuel aircraft, safety streamers, air movers, air ducts, air
compressor, safety containers, bowsers, combustible vapor
meter.

5.4.3

a.

C.

.2 Procedures.

Defuel aircraft in accordance with applicable
manual.

Opens sumps and drains. Drain fuel into an
approved safety container.

WARNING

The LEL of a tank that contained JP-8 may not
remain under 20 percent if the ambient temper-
ature exceeds 75°F at standard atmospheric
pressures. If it is expected the temperature will
exceed 75°F the tank should be purged with
another fluid or air purged.

For open areas place the blower or HDU-13/M
heater convenient to the aircraft. Blower and heat-
ers shall be bonded in accordance with Chapter 2.
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d.

h.
i.

J-

Attach blow purge ducts to the outlet side of the
blower.

Start the air mover and blower prior to opening fuel
tank access doors (if used).

Bond the ducts to the aircraft. Bonding wire may
be at the end or at the first section from the end.

Remove access doors. Ensure at least one access
door or panel is removed in addition to the opening
where the duct will be placed. Take care to prevent
damage to door and aircraft. Tilt the door inward to
prevent fuel spillage.

WARNING

To prevent possibility of fire or explosion, the
blower must be turned on prior to connecting
air ducts to the aircraft. If power fails, immedi-
ately remove the air duct from the aircraft and
move the air duct and blower to an area free
from fuel vapors. Failure to comply with this
procedure could result in injury or death to

personnel and damage to or destruction of the

aircraft.
Install blower duct in door opening.
Purge for 30 minutes.

Remove blower duct from opening. Do not turn
blower off until purge procedure is complete.

Check oxygen level in tank. If oxygen level is not
between 19.5 and 23.5 percent repeat purge
procedure.

Check lower explosive limit. If LEL is not below
20 percent repeat purge procedure for 15 minutes.
If the tank is to be entered repeat the purge
procedure until an entry safe LEL and oxygen level
is attained. If aircraft was fueled with JP-5 or JP-8
check oxygen level and LEL. If oxygen level is
between 19.5 and 23.5 percent, check LEL. If LEL
is less than 20 percent the aircraft is fire safe. If
LEL is less than 10 percent the aircraft is entry
safe.

Depuddle tanks as necessary. Maintain blow purge
and comply with all requirements of the entry
permit during entry.

For hangared non foamed aircraft the LEL shall be
checked every four hours or more often as deemed
necessary to assure a fire safe condition is main-
tained. Normally a LEL check will be made at the
beginning of each shift. When working in a foam
equipped aircraft the LEL shall be checked using a
continuous monitoring combustible meter or

checked every two minutes using a non-continuous
meter. Readings will be taken at the entry point and
progressively to the furthest point at which mainte-
nance operations extend inside the tank. After all
foam is removed the tank should be considered a
non-foamed tank.

5.5 EXPLOSION SUPPRESSION
MATERIALS (FUEL FOAM).

FOAM

5.5.1 General. The Air Force uses foam materials spec-

ification MIL-B-83054 and MIL-F-87260. Fuel foam
materials: suppress explosive reactions; control ignition
rate of burning fuel vapors; and act as a baffle to limit fuel
sloshing. Fuel tanks containing fuel foam will not explode
when pierced by ground fire or when subjected to electrical
arcs from failed components or as the result of lightning.

5.5.2 MIL-B-83054 Fuel Foam Material. Foam meet-

ing specification MIL-B-83054, is generally referred to by
type or color and include the following: Type I (orange),
Type II (yellow), Type III (red), Type IV (dark blue), and
Type V (light blue). Types I, II, and III are susceptible to
deterioration from exposure to high temperature, humidity
and have a service life of from two to seven years. Types
IV and V have better resistance to temperature, humidity
and have a longer service life. MIL-B-83054 foam materi-
als are not electrically conductive and can develop an
electrical potential during certain fuel servicing operations
or flight profiles. These static charges can discharge and
cause singeing or burning. Types IV and V have a higher
volume swell and lower tensile strength and tear resistance,
therefore, it is important that these types be carefully sized
and properly installed with adequate clearances. Type I, 11
and IV are coarse pore foams. Types III, and V are fine

pore foams. Fine and coarse pore foams are not
interchangeable.
5.5.3 MIL-F-87260 Fuel Foam Material. Foam meet-

ing specification MIL-F-87260 may be any color except
orange, yellow, red, or blue. Generally the foam material is
gray or black in color. Foam materials meeting specifica-
tion MIL-F-87260 are electrically conductive and will not
hold a static electricity charge. The foam is separated into
two classes, each containing two grades of foam. Class 1
foam has a temperature range of 0°F to +160°F, Class 2
material has a temperature range of -30°F to +160°F. Grade
IC foam is coarse pore material. Grade IIC foam is a fine
pore material. Fine and coarse pore foams are not inter-
changeable. These foams have some tolerance to humidity.

5.5.4 Foam Removal Procedures.

5.5.4.1 Requirements for open tank maintenance and in-
tank maintenance apply as necessary.

5.5.4.2 Defuel aircraft as necessary.

5.5.4.3 Drain sumps and drains as necessary.



5.5.4.4 Purge and enter tanks, as necessary.

CAUTION

Fuel wetted foam tears easily. Exercise care
when removing reticulating foam pieces from
the fuel tank.

5.5.4.5 Slowly remove foam to minimize static electricity
buildup. Use care to prevent tearing foam. Remove only the
foam necessary to accomplish the inspection/repair.

5.5.4.6 Depuddle as necessary.

5.5.5 Foam Inspection Criteria. After removal and
before storage foam shall be inspected for the following.

NOTE

Do not pull test fuel wetted foam. Fuel wetted
foam tears easily.

5.5.5.1 Legibility of Marking.

5.5.5.2 If markings are not legible, identify and use a fuel
resistant marker to mark with proper alphanumeric combi-
nation in accordance with the aircraft technical order.

5.5.5.3 Cleanliness or Contamination. Examine for for-
eign particle such as lint or fibers. Remove contamination
either by hand or with an approved vacuum cleaner.
Replace excessively contaminated foam or foam which
cannot be cleaned. Foam in low areas of tank will have a
tendency to collect higher concentrations of foreign
particles.

5.5.5.4 Burning or Singeing. Examine for burning or
singeing. Replace damaged foam. Normal indication of
damage are surface color changes, formation of rough
bead-like surface, excessive gorging in foam pattern or
areas of stickiness. The most likely areas to find evidence
of burned or singed foam are tank vent outlets and inlets.

5.5.5.5 Deterioration. Examine foam for loose particles or
pull on a few foam strands, if foam has loose particles or
strands tear easily replace foam. The most likely areas to
fine deterioration are in the upper areas near the vents.

5.56.5.6 Tears or Punctures. Examine for tears or punc-
tures, excessively damaged foam shall be replaced.

5.5.6 Replacement of Foam. Foam may be either

ordered from supply in bulk or pre-cut kits. Foam can be
cut with a sharp electric knife, Ontario knife, or a band saw
with self-cleaning blade. The electric or Ontario knife is
best for cutting small quantities or individual replacement
pieces of foam. Replacement foam must be cut identical in
form. Mark replacement foam with proper alphanumeric
identifier.
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5.5.7 Reinstallation of Foam. Proper reinstallation of

foam is extremely important. Voids designed into the foam
provide clearances around fuel systems components such as
vents, pumps, probes and interconnects. If 25 percent or
more of the foam has been removed from any one tank and
reinstalled or replaced the tank must be flushed with clean
filtered fuel to remove contamination. A minimum of one
fill and drain shall be accomplished with sump sample
taken. Sample shall be tested for solids contamination in
accordance with TO 42B-1-1. Acceptable increase in solids
contamination is 2 mg/gal over that serviced to the aircraft
during filling. Emphasis should be placed on draining tank
sumps and on periodic checking of fuel strainers. After
reinstallation or replacement of foam around a component,
interconnect or vent accomplish functional testing of the
fuel system. The testing will include all safety of flight
items and may be performed during the fill and drain
contamination test.

5.6 DEPUDDLING.

5.6.1 General. Depuddling is the removal of residual

fuel or purgefluid which remain after the tanks are drained.
Depuddling may be accomplished by using absorbent
cloths, sponges, mops and approved safety container or an
approved air operated vacuum. All fuel puddles in the path
of air flow or where work will be accomplished will be
removed.

5.6.2 Equipment an Materials Required. Equipment
to defuel aircraft, sponges, absorbent cloths, safety
container, mop, equipment to purge aircraft, air operated
vacuum cleaner.

5.6.3 Depuddling Procedures.

5.6.3.1 Requirements for open tank maintenance and in-
tank maintenance apply as necessary.

5.6.3.2 Defuel aircraft fuel tanks as necessary.
5.6.3.3 Drain sumps and drains as necessary.
5.6.3.4 Purge and enter tanks as necessary.
5.6.3.5 Remove fuel foam as necessary.

5.6.3.6 Use cloth, sponge, mop, and approved safety
container or air-operated vacuum to remove fuel puddles.

5.7 INERTING.

5.7.1 General. Inerting is the replacement of oxygen in

air or air-fuel mixture with an inert gas to the point that the
oxygen content is too low to support combustion. Nitrogen
is the gas most commonly used to inert AF aircraft fuel
tanks. Carbon dioxide can be used but is not preferred due
to its high solubility in fuel. Inerting may be used to
safeguard a tank during hot work. Inerting may also be
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used to safeguard adjacent tanks. The two approved meth-
ods of inerting are pressure inerting and siphon inerting.

5.7.2 Requirements.

5.7.2.1 Measurement of Gas Concentration. The concen-
tration of inert gas is not a direct measurement of inerting
gas but it is a measured as a percentage of oxygen remain-
ing in the atmosphere. An approved oxygen analyzer shall
be used to measure the oxygen content of the atmosphere in
the tank.

5.7.2.2 Inert Gas Concentration. The oxygen content of a
tank shall be maintained at nine percent or less for siphon
inerting and four percent or less for pressure inerting. Once
a tank is inerted it shall remain inerted until repairs are
complete. A positive inert gas pressure should be main-
tained on the inerted tank.

5.7.2.3 Certifying Inerted Tanks. Inerted tanks shall be
certified by a qualified fuel system repairer. For tanks in
work, tanks shall be retested at the start of every shift,
periodic intervals not to exceed four hours or more often as
deemed necessary. For tanks on aircraft not in work the
tank shall be retreated daily. Periodic checks shall be
accomplished to ensure an inert atmosphere is maintained.
Special consideration shall be given to retesting and assur-
ing the inert atmosphere in nonmetallic fuel cells.

5.8 SIPHON INERTING.

5.8.1 General. Siphon inerting is when an aircraft fuel

tank is filled to capacity with fuel and then drained with an
inert gas siphoned into the tank void spaces. Siphon inert-
ing is considered the most efficient procedure for inerting
interconnected tanks in that this procedure assures an even
distribution of inert gases throughout a fuel tank system.

5.8.2 Equipment and Materials Required: Inert gas sup-
ply, surge tank, differential pressure gauge, tubing, oxygen
analyzer, equipment to defuel aircraft, safety streamers,
fuel servicing truck.

5.8.3 Siphon Inerting Procedures. Assemble equip-
ment as shown in Figure 5-3.

5.8.3.1 Fill aircraft to capacity with fuel.

5.8.3.2 Open pressure valve, set gas pressure to between
1 and 1% pounds/inch?

5.8.3.3 Open gas needle valve to allow gas to inert surge
tank and connecting lines.

5.8.3.4 Conduct a static pressure test to ensure integrity of
system.

5.8.3.5 Connect inert gas line to fuel vent opening. Ensure
connection is air tight.
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5.8.3.6 Defuel aircraft while opening needle gas to inert
gas line. Line shall be opened enough to provide a continu-
ous supply of gas and prevent collapse of tank.

5.8.3.7 Maintain positive pressure between 1 and 1%
pounds/inch?. Ensure maximum safe working pressure is
not exceeded.

5.8.3.8 After drain is complete it is preferred that equip-
ment remain installed and a slight positive pressure be
maintained. Nitrogen quantity shall be renewed as neces-
sary. If inert gas supply is depleted the tank shall be
considered un-inert and the oxygen content shall be deter-
mined. Reaccomplish inerting procedures if necessary. The
inert gas supply line may be disconnected at the surge tank
inlet and capped off. If this is done oxygen content must be
monitored to insure tank does not become un-inert due to
thermal contraction.

5.9 PRESSURE INERTING.

5.9.1 General. Pressure inerting is the processes of

placing an inert gas under pressure into the vapor space of a
fuel tank. Pressure inerting works best on single tanks
whether integral, mounted on, or removed from an aircraft.
Pressure inerted tanks shall be thoroughly tested to ensure
the entire vapor space is sufficiently inert.

5.9.2 Equipment and Materials Required. Inert gas
supply, pressure regulator, needle-type control valve, tub-
ing with bonding wire, pressure relief valve, gas tight
fitting for filler neck, safety streamer, oxygen analyzer.

5.9.3 Pressure Inerting Procedures. Assemble equipment
as shown in Figure 5-2.

5.9.3.1 Install gas tight fitting on tubing.

5.9.3.2 Ensure bond wire has continuity from gas source
to fitting.

5.9.8.83 Ground pressure inerting equipment.

5.9.3.4 Clear moisture and dust from inert gas delivery
system by discharging a small amount of gas.

5.9.3.5 Connect bond wire from inert gas delivery system
to aircraft or tank.

5.9.3.6 Connect gas tight fitting to fuel tank filler assem-
bly. Ensure integrity of gas tight seal.

5.9.8.7 Adjust inert gas pressure regulator to proper level.

5.9.3.8 Open needle valve. Check pressure relief valve. If
gas is discharging, reduce needle valve opening until dis-
charge stops.

5.9.3.9 Continue flow until inert atmosphere is obtained.
Thoroughly probe all areas of tank to ensure tank is inert.
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5.9.3.10 Close off vent line openings with gas tight plug 5.9.3.12 Tank

shall remain inerted until repairs are
or seal. complete.
5.9.3.11 Remove gas tight fitting from fuel tank opening
and cover with safety seal or leave equipment in place.
SEALING
BONDING SHOT TAPE

WIRE BAG

AIR SUPPLY

Figure 5-1. Air Mover Installation
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Figure 5-2. Schematic Diagram of Pressure Inerting
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CHAPTER 6
INTEGRAL TANKS

6.1 PURPOSE.

This chapter provides additional information on locating
fuel leaks and applying permanent repairs to fuel leaks
occurring in integral tanks.

6.2 GENERAL.

6.2.1 Integral tanks were developed because they offered
the capability of greater fuel containment with a decrease in
weight over fuel cell type construction. The tanks are
designed with a seal plane, which has been sealed with
gaskets, structural adhesives, elastic films or other sealants.
Integral tanks have been built into both the wing and
fuselage sections of an aircraft with the primary structure
forming the boundaries of the tank.

6.2.2 The leak detection methods described in this chapter
are more involved than the methods described in Chapter 4.
The methods described in this chapter should be used prior
to initiating permanent repairs.

6.2.3 ALC maintenance activities should consult the air-
craft documents and remove all temporary repairs, external
fastener repairs, and repair the aircraft in accordance with
this chapter or aircraft specific weapon system manuals.

6.3 FUEL LEAKS.

6.3.1 Leak Path Analysis. Planning is extremely
important in locating fuel leak paths. The procedures for
locating fuel leaks shall be closely followed. The following
sequence should be used to locate leaks:

6.3.1.1 Determine the exact exit points using one of the
approved methods (of this manual).

6.3.1.2 Isolate leak to proper tank.

6.3.1.3 Using aircraft technical manuals, analyze leak
paths.

6.3.1.4 Using approved methods (of this manual) to deter-
mine leak source.

6.3.2 Determining which Tank is Leaking. Fuel leaks
which appear near the common boundary of two adjacent
tanks may originate in either tank. One method to isolate
the leaking tank is to use the following procedures:

6.3.2.1 Transfer/defuel one of the tanks normally the
outboard tank.

6.3.2.2 Allow time for fuel to drain and check for leak. If
leak has stopped, the tank which just had the fuel removed
was the leaking tank.

6.3.2.3 If tank is still leaking transfer fuel to other tank.

6.3.2.4 Allow time for fuel to drain. If leak has stopped,
the tank which just had the fuel removed was the leaking
tank.

6.3.2.5 If leak continues either both tanks are leaking or
residual fuel is giving the indication. If residual fuel is
suspected perform the following.

6.3.2.6 Transfer/defuel both tanks and drain residual fuel.

6.3.2.7 Fuel one tank, if no indication appears, the other
tank is the leaker. If leak is indicated continue.

6.3.2.8 Transfer/defuel the fueled tank, wait for leak to
stop, fuel the other tank. If a leak is indicated, both tanks
leak.

6.4 LEAK EXIT POINT DETECTION.

6.4.1 Pressure Test.

6.4.1.1 General. If previous efforts to locate a leak exit
point have been unsuccessful or other methods to locate a
leak appear impractical a pressure test may be used to
locate leak exit points. A pressure test is effective in
locating leaks which appear only under stress, in-flight
leaks, confirming repair work prior to refueling, or when a
tank has multiple leaks. The pressure test requires extensive
preparation. Extreme care must be taken during the prepa-
ration and execution of the test to prevent damaging the
aircraft. Particular attention must be given to the aircraft
vent systems and specified pressure limits of the applicable
tank. A water manometer shall be used as a pressure
limiting device. In addition to entries on the AFTO Form
781A, a checklist shall be developed to ensure all plugs,
cover plates, and caps are removed. These procedures
require two personnel, one shall be stationed at the tank
access adapter and shall monitor manometer the other shall
locate and mark leak exit points.

6.4.1.2 Materials and Equipment Required. Water
manometer, access door adapter (with manual shutoff
valve, positive and negative pressure relief valves), caps,
cover plates, plugs, safety streamers, equipment to defuel
and purge tanks, air supply, non-corrosive leak detection
compound, marking pencil, solvent or aircraft cleaning
compound and water.
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6.4.1.3 Procedures. Refer to the aircraft technical manuals
for specific guidance. General procedures are as follows:

a. Defuel and purge tanks as necessary.

b. Install plates, caps, and plugs as required to all
fittings. Ensure cables are attached to door cover.

c. Attach air supply to manometer.

d. Pressurize tank to maximum allowable air pressure
(refer to aircraft specific TOs). Additional pressure
will not aid in leak detection.

e. Apply leak detection compound to tank exterior.
Spread the leak detection compound with a brush.
Observe tank for formation of bubbles.

f. Mark leak exit points.

g. Within 24 hours wash leak detection compound
from aircraft.

6.4.2 Development of Leak Path Analysis. Develop a
leak path analysis for each leak exit point. Thoroughly
analyze the area and structure around the leak exit point for
all possible leak paths and sources. When investigating the
location and cause of a fuel leak in the fuel tank boundary
structure, keep in mind the fuel leak may be caused by a
structural failure. Fuel can leak through an almost invisible
crack in the structure. When a leak occurs, structural failure
should be considered as a possible cause.

6.4.3 Inspection of Tank Interior. A thorough investi-

gation of the area surrounding the leak exit can help isolate
the leak source. Study the structure in the leak area and the
direction from which the leak seems to be flowing. Visible
defects in the sealant or structure are not necessarily the
leak source. Structural failures shall not be repaired by
applying sealant to the failed area. An inspection checklist
may be helpful. The following are common items to check
when performing a visual inspection of the tank interior.

6.4.3.1 Inspect for loose, cracked or missing fasteners.
6.4.3.2 Inspect for defective sealant such as:

a. Previously repaired areas.

b. Cracks, scuffs, or nicks.

c. Indications of air bubbles or shrinkage.

d. Lack of adhesion by applying air pressure. Air
pressure shall be a maximum 100 psi. Hold the
nozzle approximately one inch from sealant.

e. Loss of luster, discoloration, chalking or loss of top
coat.
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f. Loss of elasticity by firmly pressing sealant with a
blunt metal punch (not less than 3/16 inch diam-
eter). The sealant is good if it gives and returns to
original position. The sealant is defective if the
sealant breaks or does not return to original
position.

6.5 LEAK SOURCE DETECTION.

6.5.1 General.

6.5.1.1 There are several methods to locate leak sources,
using either pressure or vacuum sources. The pressure
methods are blow back method, pressure box method, dye
injection method. Blow back and pressure box and the
vacuum method incorporate the use of a non-corrosive leak
detection fluid (bubble solution).

6.5.1.2 Planning is essential to locating leak sources.
Locate all leak sources prior to initiating repairs.

6.5.1.3 Methods to locate leak sources are detailed in
order of ease and time required, starting with the easiest
and least time consuming.

6.5.2 Blow Back Method.

6.5.2.1 General. The blow back method requires access to
the tank interior. This method requires at least two person-
nel. One will blow air on the tank exterior, the other will
apply leak detection fluid to the inside of the tank and
observe for leaks.

6.5.2.2 Equipment and Materials Required. Air supply,
nozzle, non-corrosive leak detection compound, equipment
to defuel, drain, depuddle and purge aircraft, lint free cloth,
brush.

6.5.2.3 Procedures.

a. Position one repairer in the tank and the other
outside the tank.

b. One repairer shall apply leak detection fluid to the
tank.

c. The other repairer shall apply air pressure, from 1
to 100 psi (100 psi maximum), to the suspected
leak point area. Keep nozzle approximately one
inch from the surface.

d. When bubbles are detected mark where the air was
applied and where the bubbles formed. Small leaks
may require the use of a pressure box.

e. Recheck by applying air pressure to the points
where the leak detection fluid bubbled and apply-
ing leak detection fluid to place where air was
previously applied.

f. Verify marks.



6.5.3 Pressure Box Method.

6.5.3.1 General. This method works by pressurizing a
large exterior surface area which in turn forces air back
through the leak path in to the tank. The pressure box may
be flat or contoured. This method is useful in locating seep
type leaks.

6.5.3.2 Materials and Equipment Required. Control box,
pig putty, pressure box, air supply, air hose, end plates, air
strut, shot bags, non-corrosive leak detection compound,
marking pencil, equipment to defuel, drain, depuddle and
purge tanks.

6.5.3.3 Procedures.

a. Install appropriate end plates for covering structure
at external leak point.

b. Mount pressure box over leak exit point. For lower
surfaces support with air strut. The air strut should
have at least 10 inches of free piston travel to allow
for changes in wing position. For upper surfaces
hold in place with shot bags.

c. Connect pressure box to control box and pressurize
to four (4) psi or as specified by the aircraft
technical manuals.

d. Apply air to air strut, 100 psi (or to a pressure
equivalent force) or as specified in aircraft techni-
cal manuals.

e. Apply leak detection compound to suspected leak
areas. Observe for bubbles.

f. Mark all leaks.
6.5.4 Dye Injection Methods.

6.5.4.1 General. This method requires a small amount of
dyed fuel be injected through the leak exit point. The dye
may be a red dye, which leaves a colored stain, or a
fluorescent dye which is visible with the aid of an ultravio-
let light (black light).

6.5.4.2 Materials and Equipment Required. Control box,
two dye injecting devices (double cup or hollow bolt),
vacuum cup, zinc chromate putty, pressure box, vacuum
pump, air supply, vacuum hose, air hose, air strut, shot
bags, dye solution, ultraviolet light, marking pencil, jet
fuel, equipment to defuel, drain, depuddle and purge tanks.

6.5.4.3 Procedures.

a. Using Double Cup Assembly. The double cup
assembly is used to locate leak sources by forcing
dye solution through the leak exit point. Mix dye,
one part fluorescent dye to ten parts fuel or one
ounce red dye to 100 gallons fuel, and fill control
box reservoir.

T.O0. 1-1-3

(1) Connect control box to double cup assembly.
The hose from the outer segment connects to the
vacuum source and the inner segment connects
to the pressure dye source.

(2) Attach the double cup assembly over the leak
exit point. Use zinc chromate putty, as required
to ensure there are no leaks.

(3) Apply four psi air pressure, or pressure specified
by the aircraft technical manuals to the dyed-
fuel pressure tank. Bleed air from the dyed-fuel
air pressure tank by opening the clamp on the
double cup assembly until dyed-fuel is ejected,
close clamp.

(4) Check for dyed fuel vapor ejection from air
ejector. Any dyed fuel leaking from the cup will
be sucked down the outer segment hose and
blown out of the air ejector. No leakage is
permitted.

Using the Hollow Bolt. This method forces dye
between faying surfaces. The hollow bolt method
should only be used when the double cup assembly
method could not identify the leak source.

(1) Mix dye, one part fluorescent dye to ten parts
fuel or one ounce red dye to 100 gallons fuel,
and fill control box reservoir.

(2) Remove leaking fastener or fastener near leak
and insert hollow bolt.

(3) Connect control box to hollow bolt with a hose
to the pressure dye source of the control box.

(4) Apply four psi air pressure, or pressure specified
by the aircraft technical manuals to the dyed-
fuel pressure tank. Bleed air from the dyed-bolt
until dyed fuel is ejected, close clamp.

(5) Enter tank and observe for indication of dye.

(6) Continue pressure application as long as
required to allow dyed fuel to travel the leak
path. This may require 24 or more hours.

(7) When the dye appears mark the leak sources and
close flow valve.

Use of the Vacuum Cup. The vacuum cup may be
used to confirm repairs or to identify a leak exit
point by pulling air, dyed fuel or bubble solution
through the tank structure and into a plastic
container.

(1) Connect vacuum cup to vacuum source on con-
trol box. Use zinc chromate putty, as required to
ensure there are no leaks.
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(2) Attach vacuum cup to the surface over the
suspected leak.

(3) Apply vacuum. Wet inside of tank with dyed
fuel.

(4) Observe transparent glass for dyed fuel. Allow
sufficient time for fuel to travel length of leak
path.

(5) When leak appears mark leak exit point, close
valve.

Use of Pressure Box with Dyed Fuel. This method
works by pressurizing a large exterior surface area
which in turn forces air back through the leak path
into the tank. The pressure box may be flat or
contoured. This method is useful in locating seep
type leaks.

(1) Fill pressure box with dyed fuel. To reduce the
amount of fuel required, a plastic sheet support-
ing a quantity of dyed fuel may be taped to the
lower wing surface with the pressure in the box
mounted on top of the sheet.

(2) Pressurize the box to force the dye back along
the leak path with dye solution in the control
box. Bleed air through one of the screws near
the top of the pressure box.

(3) To use less dye, tape a sheet of plastic material
the same size as the pressure box over the
external leak point with double sided tape.

(4) Tape the flat nozzle of the dye injector bottle
through the plastic material.

(5) Mount pressure box over plastic sheet, make
sure box seal bears on the plastic. For lower
surfaces support with air strut. The air strut
should have at least 10 inches of free piston
travel to allow for changes in wing position. For
upper surfaces hold in place with shot bags. Use
zinc chromate putty, as required to ensure there
are no leaks.

(6) Remove injection bottle from nozzle and loosen
tube clamp so to bleed all air from plastic sheet.

(7) Apply approximately four (4) psi air pressure-
to-pressure box from the control box to force all
air from inside the plastic sheet.

(8) Close tube clamp on injection bottle nozzle.
Mount dyed fuel bottle to nozzle.

(9) Release pressure from pressure box, open injec-
tion bottle nozzle tube clamp, and inject dyed
fuel in plastic sheet area.

(10) Close injection bottle nozzle and apply four-psi
air pressure-to-pressure box using control box.

(11) Observe tank interior for dyed fuel.
(12) Mark all leaks.
6.5.5 Vacuum Dye Method.

6.5.5.1 General. The vacuum dye method is used to
identify leak sources in integral tanks. A negative or
vacuum pressure is applied to the tank. This method pulls
dyed fuel through the leak path into the tank. The dye may
be either red or fluorescent.

6.5.5.2 Materials and Equipment required. Water manom-
eter, caps, cover plates, plugs, streamers, vacuum source,
vacuum hose, dye solution, jet fuel, ultraviolet light, putty,
tape, plastic bags, test door with vacuum relief, camel hair
brush, syringe, marking pencil equipment to defuel, drain,
depuddle and purge tanks.

6.5.5.3 Procedures.

a. Prepare tank for evacuation test in accordance with
aircraft technical manuals.

b. Check manometer reservoir for proper fluid level.
Only manometers with a mixture of 50 percent
water and 50 percent ethylene glycol shall be used.

c. Ensure pressure connection is free of obstruction.

d. Tank test fitting shall be equipped with a vacuum
relief valve.

e. All equipment taken into tank shall be inventoried.

f. All cover plates, caps, and plugs shall be attached
to the test door.

g. Ensure the diameter of the water manometer hose
is equal to or larger than the fuel tank line used for
water manometer connection.

h. Connect manometer to tank test fitting.

i. Mix dye, one part fluorescent dye to ten parts fuel
or one ounce red dye to 100 gallons fuel. Refer to
T.O. 42B-1-1-10 for additional information on
using dye to detect leaks.

j- Apply vacuum pressure to tank as required by
aircraft technical manuals.

k. With brush or syringe apply dye to leak exit point.
On lower wing surfaces it may be necessary to tape
a bag full of dye to the surface to keep the area
covered. On upper surfaces a dam may be con-
structed around the leak exit point with putty to
keep the dye area wet. Keep area wet for approxi-
mately two hours, longer for small leaks.



1. Relieve pressure.
m. Enter tank and observe for leaks.

n. Mark all leak sources.

6.6 SEALING REQUIREMENTS.

6.6.1 General.

6.6.1.1 This manual will detail only those sealing proce-
dures which do not require extraordinary personnel protec-
tive equipment, separate facilities or extended cure times.

6.6.1.2 All integral tanks are similar in design in that all,
fuel containing surfaces of the wing or fuselage must be
sealed fuel tight. The three main areas which require
sealing are the tank boundaries, the access doors, and
fasteners.

6.6.2 Access Door Sealing Methods.

6.6.2.1 Integral fuel tank access doors come in many
shapes and sizes, but there are two basic types plug and
direct-seal. All access doors are sealed with a static seal of
which there are five main configurations, flat gasket, O-
ring, molded in place, bonded in place, and formed in
place.

6.6.2.2 Plug Doors. This door opens into the fuel tank and
because of the design the fuel pressure tends to press the
door outward which provides a tighter seal.

6.6.2.3 Direct Seal Doors. This door opens to the outside
of the fuel tank and fuel pressure tends to push on the door
which increases loading on the door fasteners. The door
fasteners provide the clamping force to seal the door.

6.6.2.4 Flat Gasket Seal. This is the oldest method of tank
access door sealing. It is simple to local manufacture and
install but may wrinkle easily or require retightening to
provide a fuel tight seal. They require flat mating surfaces.

6.6.2.5 O-Ring Seals. This method requires a matching
groove be machined in the access door and mating surface.
When properly installed they exhibit no leakage and are
generally maintenance free. Disadvantages are: the O-ring
can be installed in the wrong position; O-rings are hard to
install around corners; and generally O-rings are not
reusable.

6.6.2.6 Molded-In-Place Seals. This method has the seal
molded into the access door during manufacture. They
generally provide a good seal and are reusable. They cost
more and when the seal fails the whole door must be
replaced. Access door sealant may be used to repair minor
nicks and cuts in the door seal.

6.6.2.7 Bonded-In-Place Seals. These seals are the same
as molded-in-place with the exception that these seals can
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be removed and a new seal bonded in place of the damaged
seal.

6.6.2.8 Formed-In-Place Seals. This seal is established by
application of sealant, with a parting agent in the door-to-
frame mating surface. The door is installed prior to cure of
the sealant. Removal of the door frequently destroys the
seal. The old sealant must be removed, surfaces cleaned
and new sealant applied.

6.6.3 Fastener Sealing Methods. For detailed infor-
mation on structural fuel tank fastener methods refer to the
aircraft technical manuals and TO 1-1A-8. The fasteners
used in fuel tanks can be divided into two major types: non-
self sealing and self sealing.

6.6.3.1 Non-Self Sealing Fasteners. This type of fastener
cannot be installed in a hole and expected to be fuel tight.
Examples are of non-self sealing fasteners are access door
screws or attach bolts which slip into the holes with little or
no interference. They are usually sealed by one or more of
the following methods: dome nuts, sealing washers and O-
rings, fastener overcoat, fillet, machine fitting, and sealant
grooves.

6.6.3.2 Self Sealing Fasteners. This type of fastener seals
the hole by either swelling when installed as in the case of
rivets or by interference fit which is forcing of the fastener
against the sides of the hole by a few thousandths of an
inch.

6.6.4 Tank Boundary Sealing Methods.

6.6.4.1 Curing Type Sealing Methods. Curing type seal-
ing methods are used on all types of aircraft. Curing type
sealants normally flow during application and cure with
time. The sealant remains flexible which allows it to adhere
as the aircraft structure flexes. Curing type sealants may be:
injected into fittings, grooves, and corners; prepacked dur-
ing initial assembly; applied between faying surfaces; used
to overcoat fasteners and small parts; applied as a fillet to
seams, butt joints etc.; sprayed over fasteners, butt joints
etc.,; or drawn through fastener voids under vacuum pres-
sure. Tank access is normally required to apply curing type
sealants. Repair of failed sealant is time consuming and
adequate scheduling of repair time and facilities is neces-
sary. Leaks generally require removal and replacement of
defective sealant.

6.6.4.2 Non-Curing Type Sealing Methods. Non-curing
sealants are used on many MDS of aircraft but their use is
generally limited to areas where access is difficult or
impossible. The sealant does not cure with time or tempera-
ture. Channels or grooves are machined into the surfaces in
the tank bounder and the sealant is injected into grooves
through injection ports. The injected sealant adheres to the
groove and is packed between structural members to form a
fuel tight seal. If the sealant develops a void, fuel will leak.
To repair the leak usually at least two injection port screws
are removed, one, or two, on each side of the leak path.
Leaks through the faying surface are repaired from the
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outside by injection of new sealant into the groove. The
new sealant pushes the old sealant out and fills the void.
The grooves may be located between rows of fasteners,
zigzagged within the fasteners, or to one side of fasteners.
Injection holes are spaced at regular intervals, usually three
to six inches apart and are plugged with flush screws.
Proper attention must be given to assembly detail to deter-
mine which fastener is leaking and how the fastener must
be sealed to prevent an inadvertent leak path.

6.6.4.3 Structural Adhesive Sealing Methods. Structural
adhesive for fuel tank sealing has been used on a few
aircraft. This method uses an unusually flexible structural
adhesive to bond the structure together and seal the faying
surfaces. Since the adhesive is flexible the fasteners carry
most of the structural loading. The adhesive requires heat to
cure. If a leak develops between faying surfaces they are
repaired with curing type sealant fillets or overcoats.

6.7 SEALANTS.

6.7.1 General. Sealants used for permanent repairs are
either curing or non-curing type. Structural adhesives are
used during the manufacturing process and are not gener-
ally considered a viable repair method. Sealants used to
repair aircraft require proper storage, packing, mixing,
application, and inspections.

6.7.2 Storage of Sealants.

6.7.2.1 Unmixed Sealants.

a. Unmixed sealants shall be stored in accordance
with the manufacturers instructions. If manufac-
turer’s instructions are not available the following
general requirements shall apply.

b. Unmixed sealants shall not be stored at tempera-
tures above 80°F. Higher temperatures reduce stor-
age duration.

c. Prior to expiration of the shelf life sealants shall be
examined and tested for shelf life extension. Refer
to AFMAN 23-110, for information on the Air
Force shelf life program.

6.7.2.2 Mixed Sealants.

a. Freezing. Some multiple part sealants may be pre-
mixed and frozen for use at a later time. Manufac-
turer’s instructions should provide guidance as to
whether a product can be premixed and frozen.
Due to its low temperature cure property, PR 1826
and PR 1828 cannot be premixed and frozen for
later use. Mixed sealant shall be placed in a clean,
airtight cartridge that has both ends capped. A
container of dry ice and isobutyl or isopropyl
alcohol may be used to quick freeze the sealant. A
temperature of minus 100°F shall be maintained in
the container. The cartridge shall be immersed
nozzle end first to a depth that will cover all the
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cartridge except one inch. Allow five minutes for
freezing, then place cartridge in a freezer and store
at minus 20°F or lower. Cartridges should be
labeled with the following information: manufac-
turer’s name/CAGE code, specification, date fro-
zen, batch number. Refer to Table 6-1 for informa-
tion on storage duration.

Table 6-1. Frozen Sealant Storage (MIL-S-8802 and

MIL-S-83430)

TEMPERATURE DURATION (DAYS)
-20°F 14
-40°F 30

b. Thawing. The time consumed mixing and freezing
and thawing sealants reduces total application life.
Cartridges may be quick thawed in a bath of warm
water (approximately 170°F). Immersion time
should not exceed 15 minutes for A2, B2, B6, or C
sealants. Excess water shall be wiped from the
cartridge prior to issue. The cartridge shall be
checked for hot spots. If hot spots are suspected the
temperature of the cartridge shall be checked by
inserting a thermometer into the sealant. Tempera-
ture of the thawed sealant should be between 60°F
and 95°F. If the temperature of the thawed sealant
exceeds 95°F the 